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Notes on the Upper Ordovician and Lower Silurian of the Tapa 
District, Estonia 


By 


JURI MartTna 
Department of Geology, University of Stockholm 


Abstract. The Upper Ordovician Saunja (F1a), Vormsi (Fyb), Pirgu (Fic), and Porkuni 
(F,; in this paper included in the Ordovician) stages and the Lower Silurian Juuru (G,) 
stage are briefly characterized lithologically and faunistically according to the writer’s 
field observations in the Tapa district. A stratigraphic column of the Lower Silurian in 
central Estonia up to the Adavere (H) stage is republished, somewhat modified, after 
Esa Rosenstery (1943). A correlation of the lowermost Silurian between Estonia and 
Norway is suggested, whereby the supposedly considerable hiatus between the Porkuni 
and Juuru stages is much diminished. 


Introduction 


The Paleozoic in the region of Tapa (»Taps»)! includes deposits 
belonging to the Upper Ordovician and the Lower Silurian. The area 
investigated by the present writer lies chiefly to the south-west of the 
town of Tapa (see figs. 1 and 2). To the west and the north the area 
is bounded by thick belts of glacial drift, whereas to the east it is 
bordered by another, only slightly known, area of Paleozoic deposits, 
that of Saksi (»Saxiy) Manor (Scumipr 1858, p. 114; Oprk 1937). To 
the south and south-east it is continuous with the Silurian of the 
Porkuni-Tamsalu (»Borkholm»-»Tamsaly) area (OprK 1937; RoseNsTEIN 
1938; 1940; 1943). 

The deposits of the Tapa district were treated by Scumrpr in 1858 
(pp. 114—116), and later on briefly dealt with by Raymonp (1916, 


1 Here and elsewhere in the present paper the place names in brackets and quotation 
marks are the abandoned German forms, still frequently used in the literature. These 
place names lost their justification long ago. They were the official names before 1918, 
but had never been used by the local population; they are not found on the official maps 
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Fig. 1. Area of outcrop of the Porkuni stage, 


p. 201), Twennorry (1916, p. 295), and Orr (1937), though only 
those in the eastern part of the area. The present writer visited the 
district in the summers of 1940 and 1942, in the latter year on behal 
of the Geological Survey of Estonia. The present study is part of th 
result of the work of a team, the general stratigraphic results of whic! 
have been published by Jaanusson (1944; 1956). 

Following Jaanusson (1944) the present writer classifies the »Lyck 
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holmer Schicht» (F,) of Scumrpt’s definition (1881) as three major 
divisions termed the Saunja (F,a), Vormsi (Fyb), and Pirgu (Fc) 
Stages, respectively. This stratigraphical classification is indicated by 
the scheme given in Table 1. 


Table 1. Stratigraphic divisions of the Upper Ordovician of Estonia. After 
JAANuSSON (1944), 
8 eh el 2 ed 


Fr. Scumipt 1881 JAANuSSoNn 1944 
F, Borkholmer Schicht F, Porkuni stage 
Fic Pirgu stage 

F,b 

Lyckholmer Schicht Fib Vormsi stage 
Ka Fra Saunja stage 

Strata incognita 
E Wesenberger Schicht z pt Midd 


The question where the boundary between the Ordovician and 
Silurian should be drawn in Estonia has been much debated. A table 
showing the various opinions put forward in this connection was given 
by JAANussoN in 1944. In view of recent evidence (JAANUSSON 1956, 
p. 389 ff.) the present writer agrees with Fr. Scumipt’s (1858) opinion, 
namely, that the boundary should be placed between the Porkuni 
(F,) and Juuru (G,) stages. 

The stratigraphy and lithology of the Lower Silurian is shown in 
the generalized stratigraphic column given in fig. 5. 

The writer wishes to express his gratitude to his friend VAaLDAR 
JaaNnusson, Fil. lic., for valuable discussions and criticism. 


The Saunja Stage (Fra) 


The lower beds of this stage do not outcrop in the Tapa district. 
The upper beds are made up of a yellowish-grey to buff-coloured 
lithographic! limestone with numerous horizontal and vertical fissures. 


1 The term lithographic is used here as defined by Jaanusson and Martna 
(1948, foot-note on p. 186): »A compact, hard, cryptocrystalline limestone with con- 
choidal fracture, characterized by small amounts of argillaceous material and a few 
relatively small fragments of fossils.» The lithographic limestone is understood to be 
an extreme, pure type of calcilutite as defined by Jaanusson (1952). 
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am G, Juuru 


Fig. 2. Distribution of the discussed localities in the Tapa district, and the approximate 
areas of outcrop of the stages. 


This limestone is relatively poor in fossils. It consists of a crypto- 
crystalline matrix containing sparse, irregularly distributed fragments 
of re-crystallized calcitic shells, and spherical aggregates of calcite 
crystals (fig. 3). The shell fragments are 0.1—2 mm in size, whereas 
the aggregates of calcite crystals have a diameter of 0.1—0.2 mm. 
In thin sections from different samples and localities the fragments 
> 0.1 mm amount to 1.1—6.0 % of the rock.! Grains of reddish-brown 


1 These measurements, carried out with an integrating micrometer, give an approxi- 
mate idea of the grain size of the sediment. The method, as well as the terms cal ci- 
lutite and calcarenite are discussed by JaAanusson (1952); see also Marrna 
(1955). 
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iron oxide of a size of 0.01 mm are more or less evenly distributed in 
the matrix. As they occasionally still have the shape of cubes and 
pyritohedrons, these grains are to be regarded as decomposed pyrite. 
The very fine terrigenous material is also evenly distributed in the 
matrix. 

In its general petrographical character the lithographic limestone of 
the Saunja stage is closely similar to the limestone of the Rakvere (E) 
stage and these two limestones have therefore repeatedly been con- 
fused. Thus Raymonp (1916, p. 201), Twenuorer (1916, p. 295), and 
OpiK (1937, p. 51) reported exposures of the Rakvere stage in the 
Tapa district. These exposures, however, are all beds of the Saunja 
stage. There are no exposures of the Rakvere stage in the Tapa region; 
the outcrop area of this stage lies farther northwards. 

In a small quarry north-east of the town of Tapa and south of the 
village of Torma (fig. 2), the typical lithographic limestone of the 
Saunja stage is exposed in a 3 m thick section. The beds encountered 
belong to the uppermost part of the stage, and the fauna shows some 
resemblance to that of the Vormsi stage. The following fossils were 
collected: 


Dalmanellidae spp., Nicolella n.sp., Rafinesquina cf. semipartita 
(RoEm.), »Hunema» rupestre (E1cHw.), Hormotoma insignis (Kicuw.), 
Meyalomphala sp., Subulites subula Koken, Chasmops eichwaldi 
ScumriptT, as well as unidentified forms. Corals are rare; a few tetra- 
corals only having been collected. 


The limestone of the Saunja stage is a typical lime-mud rock (calci- 
lutite). The overlying limestone of the Vormsi stage, on the other hand, 
is more or less calcarenitic, consisting to a considerable extent of shell 
fragments. For the present the boundary between the Saunja and 
the Vormsi stages is defined mainly on such lithological data. It should 
be stressed, however, that several species characteristic of the Vormsi 
stage are present already in the upper part of the Saunja stage. Thus 
it is possible that the upper part of the Saunja stage, as defined at 
present, may belong faunistically in the Vormsi stage. 

Owing to the presence of several temporary exposures, the town of 
Tapa and its immediate neighbourhood offered relatively good possi- 
bilities for investigations of the passage beds between the Saunja and 
the Vormsi limestones. However, only minor sequences could be ob- 
served in one and the same exposure. 

The following section of the passage beds in question was studied 
in 1942 in a temporary exposure about 200 m south-east of the railway 


station at Tapa (fig. 2): 
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Fig. 3. Calcilutite with 6.0 % shell fragments > 0.1 mm. Upper part of the Saunja 
stage from Tapa, coll. G. Hotm. Thin section, ordinary light, Ilford Gamma filter, x 40. 
Photo by author. 


40 em + irregularly bedded yellowish-grey calcarenite, covered by 
loose blocks and moraine; 
a probable discontinuity surface}; 


2 cm yellowish calcilutite; 
9 cm marl, rich in iron oxide (decomposed pyritic aggregates); 
28 cm + calcilutite interbedded with calcarenite; thickness of 


individual beds about 4 cm. 


Similar sections were observed in other exposures situated within 
a distance of about one kilometer from that treated above. Thus, 
according to the writer’s observations, the passage beds between the 
Saunja and Vormsi limestones are characterized by a cyclical sedi- 
mentation of calcilutite and calcarenite. Only one discontinuity surface 
was observed in the sections, but in view of the difficulties in corre- 


1 A discontinuity surface (»Diskontinuitiitsflache», Orviku 1940) is a surface pro- 
duced by a break in the sedimentation. The discontinuity surfaces described hitherto 
are marked by special impregnations, often combined with lithological differences be- 
tween the beds immediately below and above the surfaces. The term »discontinuity 
surface is essentially a lithological term, and in itself says nothing about the duration 
or nature of the break in the sedimentary sequence. 
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Fig. 4. Calearenite with 28.6 % shell fragments > 0.1 mm. Kérgessaare zone of the 
Vormsi stage from Tapa, coll. Fr. Scumipt. Thin section, ordinary light, Ilford Gamma 
filter, x 40. Photo by author. 


lating precisely the different strata in the small exposures, the possi- 
bility should be taken into account that more than one discontinuity 
surface may exist in the beds (JaAanusson 1944, p. 95). 


The Vormsi Stage (Fib) 


The Vormsi deposits exposed in the Tapa district belong to the 
lower part of the stage, viz. the Korgessaare zone (JAANUSSON 1944); 
which is made up of a fine-grained, thin-bedded (average thickness of 
beds about 4—5 cm), argillaceous limestone, bluish-grey when fresh, 
but yellowish when weathered. 

Under the microscope the limestone is seen to consist of a lutaceous 
matrix, rich in shell fragments without any preferential orientation 
(fig. 4). In a thin section from Tapa, the shell fragments > 0.1 mm 
constitute 28.6 °% of the rock. Pyrite occurs sparsely, and is evenly 
distributed in the matrix as aggregates and grains of a size of 0.01— 
0.2 mm. Some of the shell fragments are impregnated with minute 
grains of pyrite. Apart from clay, allochtonous minerals are represented 
by some minute (0.01—0.02 mm) grains of quartz. 
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A small quarry at Tapa Manor, immediately east of the Ambla road 
(fig. 2), shows a section of about 1.5 m in the Vormsi stage. The fossils 
here collected include: 


Discoceras roemeri STRAND, Strandoceras sphynx (ScumiptT), Nicolella 
n.sp., Rafinesyuina semipartita (RoEMER), Lophospira sp., Illaenus 
roemert VOLB. 


In connection to the deepening of the Soodla brook for drainage 
purposes an excellent cutting in beds of the Vormsi stage was obtained, 
immediately north of the railway near the road to Lehtse Manor (fig. 2). 
The fauna from this cutting, which is characteristic of the Korgessaare 
zone, contains the following forms: 


Glaphyrocystis cf. wohrmanni JAEKEL, Dinorthis (Plaesiomys) solaris 
(Bucu), Nicolella n.sp., Porambonites gigas (Scumipt), Rafinesquina 
semipartita (RoEM.), Sowerbyella schmidti (TORNQ.), Sowerbyella n.sp., 
»Orthisy lyckholmiensis (Wys.), Triplesia insularis (Hicuw.), Vellamo 
verneuili (KicHw.), Spyroceras senckenbergi TEICHERT, »Hunemay ru- 
pestre (Kicuw.), Lophospira aista (Koken), Megalomphala crassa 
KoxeEn, Salpingostoma cornu (KOKEN), Schizolopha esthona (KOKEN), 
Subulites gigas (Hicuw. 1842), Subulites subula Koxen, Chasmops 
erchwaldi Scumipt, Hncrinurus cf. multisegmentatus (Portu.), Illaenus 
angustifrons Hou, Illaenus roemeri VouB., Halysites sp., Propora spp., 
and many unidentified forms. 


The Pirgu Stage (Frc) 


In the Tapa district the Pirgu stage is exposed at one, or possibly 
two localities only. An old quarry near Moe (»Muddis») Manor (fig. 2) 
displayed in 1940 a few beds of a marly, yellowish limestone. The 
fossils here collected include: 


Barbarorthis foraminifera Ovrx, Boreadorthis crassa Ovtx, Nicolella 
sp., Plectatrypa sulevi JaAanusson, »Orthisy lyckholmiensis (Wvys.), 
Subulites enormis Koxen. 


In spite of the fact that corals are comparatively rare the above 
faunal assemblage clearly indicates that we are concerned with the 
lowermost part of the Pirgu stage, namely the Nyby zone as defined 
by Jaanusson (1944; 1956). According to JAANUSSON corals constitute 
a considerable part of the fauna of the Pirgu stage. This is, however, 
true only for the western part of Estonia, where even reefs may be 
found in the Nyby zone (Jaanusson, loc. cit.), but not for the central 
and eastern parts, where corals are comparatively rare. The rarer 
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occurrence of corals in the Nyby zone at the Moe Manor locality is 
thus in accordance with the general decrease in the frequency of the 
corals in the Pirgu stage from the western towards the central and 
eastern parts of Estonia. 

The abundant shell fragments in the marly limestone from Moe 
occur without any regular orientation in the lutaceous matrix. Shell 
fragments > 0.1 mm measured in two thin sections amounted to 17.3 
and 23.0 % of the rock. Pyrite was sparsely represented as grains of 
0.01—0.02 mm in size. Apart from quartz, of which a few small (0.01— 
0.03 mm) grains could be observed, the other allochtonous minerals 
were all of submicroscopic size. 

The only other locality with rocks possibly referable to the Pirgu 
stage was a ditch near the village of Poriki (fig. 2). Here a dark grey, 
very hard, and almost unfossiliferous limestone was encountered. As 
the only fossils found were Sarcinula n.sp. aff. organum (L.) and 
Aulacopium? sp., the stratigraphical position of this limestone could 
not be established. Rocks of this type occur in the upper part of the 
Vormsi stage and the middle part of the Pirgu stage. This locality is 
possibly referable to the middle part of the Pirgu stage, that is to 
say, the Lohu zone (JAanusson 1944). 

The locality mentioned by Scumipt (»bei Kurro ... keine halbe 
Werst nordlich vom Gute», 1858, p. 113) somewhat north of the Kuru 
(»Kurro») Manor (fig. 2) was found to be totally covered by vegetation. 


The Porkuni Stage (F2) 


The deposits classified in the Porkuni stage include dolomitic, 
crystalline, and argillaceous limestones. Stromatoporids seem to appear 
for the first time in this stage. The minimum thickness in central 
Estonia is 7.5 m.1 

The lowermost part of the stage consists of a dark yellow dolomitic 
limestone, thick-bedded to non-stratified, and very poor in fossils. 
The reference of this limestone to the Porkuni stage, and not to the 
Pirgu stage, is proved by its fossil content which, though small, inter 
alia includes the typical large Rafinesquina?, which Scumipr (1881, 
p- 40) determined as Strophomena expansa Sow. Owing to the fact 
that this dolomitic limestone is more resitant to denudation than the 
beds immediately above and below, it usually appears in the topo- 


1 ding to v. Want (1923, p. 25) the Porkuni stage is 6.16 m thick in the quarry 
at Boceant ie Vv. Nee oe. did not consider the Réa beds to belong to the 
-Porkuni stage, the thickness of this stage is somewhat greater than stated by him. The 
thickness of the Réa beds is unknown but is at least 1.4 m (observed at Kuru) and does 


probably not exceed 4—5 m. 
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graphy as a conspicuous terrace. The term Réa beds is here sug- 
gested for this dolomitic limestone and beds equivalent to it after the 
localities at Réa south of Kohila in the province of Harjumaa (fig. 1; 
JAANUSSON 1956, fig. 3).1 

The occurrence of the Porkuni stage south of Kuru Manor in the 
Tapa region is limited to exposures in two small quarries. The Porkuni 
stage appears here topographically as a gently sloping terrace. 

One of the quarries, situated southeast of Kuru Manor in the 
northernmost part of a forest (fig. 2), displayed 1,4 m of a dark yellow, 
non-stratified dolomitic limestone belonging to the Réa beds. The 
other quarry lies in the same forest but about 1.5 km further south- 
westwards. Here the following section was measured: 


120 cm+ thin-bedded (beds 4—8 cm), light grey crystalline lime- 
stone; 

65 em-+ thick-bedded (beds up to 28 cm), dark yellow dolomitic 
limestone (Roa beds). 


No identifiable fossils were obtained from the two localities. 


The Juuru Stage (61) 


The deposits of the Juuru stage are made up of dolomitic and 
argillaceous limestones interbedded with marls. Among the genera 
which appear for the first time in Estonia Coelospira, Clorinda, Strick- 
landia, and Phacops may be specially mentioned. According to RosEn- 
STEIN (1943, p. 481) the stage is 13 m thick in central Estonia. 

The borehole at Kamariku (RosensTEIn 1943, p. 481; see figs. 1 
and 5) revealed hitherto unknown deposits between the Porkuni (F,) 
and Juuru (G,) stages. These beds are unfossiliferous and consist of a 
white quartzose sandstone below and of a white dense limestone above, 
each with a thickness of roughly 2 m. Rosmnstrern (1943) regards 
these beds as belonging to the Porkuni stage, yet without motivating 
this opinion. According to JAanusson (1956, p. 392) the presence of 
a sandstone in this sequence of calcareous beds, built up of mainly 
autochtonous material, suggests a considerable change in the sedi- 
mentary environment, and possibly also a hiatus below the sandstone. 
JAANUSSON correlates this sandstone with the 6a-sandstone in Norway 


and considers it as the basal part of the Juuru stage, and also as 
basal Silurian. 


} The Réa beds are known from the following localities: Arukiila, Inju, and Porkuni 
in the province of Virumaa; Kuru in the province of Jiirvamaa; Kantsi and Réa in the 
province of Harjumaa (fig. 1). The beds are exposed in small quarries. 
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Fig. 5. Generalized stratigraphic column of the uppermost Ordovician and the Lower 
Silurian in central Estonia. Redrawn and modified from Rosmnsrer (1943, fig. 1). 

This somewhat schematic section was first published by Rosensrery. The lower part 
is based on the drilling at Kamariku (fig. 1; the main part of this boring through the 
Cambrian and Ordovician has not been published), whilst the upper part is a result 
of RosENSTEIN’s partly unpublished investigations in central Estonia. 

RosENSTEIN places the beds of sandstone and dense limestone beneath the Juuru 
stage s.str. with the Porkuni stage (see also Orr in Busnorr 1952, p. 128). In the 
present writer’s opinion, the stratigraphic position of these strata cannot be considered 
as definite (see p. 32). Apparently, following v. WAHL (1923, p. 25), Rosmnsrern did 
not refer the dolomitic limestone of the Roda beds to the Porkuni stage; these beds have 


been added to the section by the present writer. ¥ 
- The Ordovician-Silurian boundary is placed at the base of the unfossiliferous sand- 


stone beds (see also Jaanusson 1956, p. 392). 
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In the present writer’s opinion it is rather probable that the beds 
discussed represent basal Silurian; nevertheless it seems appropriate 
to leave the question of the stratigraphic position of these unfossili- 
ferous beds open until paleontological information is forthcoming. 

According to RosensTerin (1940; 1943) the lower part of the Juuru 
stage s.str. in central Estonia consists of marl alternating with beds 
of dolomitic limestone, all comparatively poor in fossils. Coelospira 
duboisi (DE VERNEUIL) is a characteristic member of their fauna. 
These beds were termed the Coelospira duboist beds by RosENSTEIN 
(1943, p. 486). The upper part of the stage, termed the Stricklandia 
beds by RosEnstEtn (1943, p. 485), is built up of dolomitic limestone 
of organodetritic origin, interbedded with marl. The lower beds of this 
sequence are very fossiliferous and have probably yielded the bulk of 
the fossils recorded from the Juuru stage (Fr. Scumipt 1858, p. 138 ff.; 
1881, p. 42). They are characterized faunistically inter alia by the 
locally abundant occurrence of Stricklandia lens SowERBY. In the upper 
part of the Stricklandia beds fossils are rare and poorly preserved, 
and only a few corals and stromatoporids have been found to be 
determinable. Today only this upper portion of the Stricklandia beds 
is exposed at Juuru (»Jérden»; fig. 1), the type locality of the stage. 

A new exposure of beds of the Juuru stage was found by the present 
writer in the Tapa area, in a small quarry near the road from Ambla 
to Tamsalu, north-west of the village of Koigi (fig. 2). The rock con- 
sists of weathered marly dolomitic limestone of a mottled, yellowish 
colour. As indicated by the only fossil found, Coelospira duboisi (DE 
VERNEUIL), this limestone belongs to the lower part of the Juuru stage. 

In view of the fact that the Juuru stage is poorly exposed, the field 
observations of this stage made by the present writer and collaborators 
outside the Tapa district may be of some interest; in the main they 
corroborate the opinions set forth by RosENsTEIN. 

In an abandoned quarry at Rouma (fig. 1), where Oprx (Oprxk and 
Laast 1937, p. 6) supposed the Juuru stage possibly to be exposed, 
the uppermost beds of the stage were found. These uppermost beds 
were exposed to a thickness of about 0,8 m and were sharply marked 
off from the superimposed lowermost layers of the Tamsalu stage, 
distinguished by abundant occurrence of Pentamerus borealis. The 
section at Rouma was much the same as the corresponding ones de- 
scribed by Rosenstein from other localities. 

A previously unknown exposure of the Juuru stage was found in 
an abandoned well in the earthworks of the prehistoric fortress of 
Varbola (fig. 1). The rocks and fossils encountered were in the main 
those which were to be expected according to RosENsTEIN. 
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Remarks on the correlation of the lowermost Silurian 


KraEr (1897, pp. 50—52) showed the Porkuni stage (F,) to be the 
equivalent of zone 5b in Norway (see also .JAANUSSON 1956), and 
(KrazR 1908, p. 564) assumed the Juuru and Tamsalu stages (G, and 
G,) together to correspond to the Norwegian zone 7a. According to 
these correlations there was a hiatus in Estonia between the Porkuni 
and Juuru stages, corresponding to the étage 6 in Norway. The same 
view was held by several subsequent authors (Scurry 1928 a, b; 
TEICHERT 1928). 

In 1940 RosrnstEIn showed that Stricklandia lens is present in the 
Juuru stage and correlated this stage with zone 6c in the Norwegian 
stratigraphical scheme. She also expressed the opinion that the lower- 
most part of the Juuru stage distinguished by her possibly represented 
zone 6 b B in Norway (RosENsTEIN 1940, p. 8; see also Oprk in Bus- 
NOFF 1952, p. 129). 

However, the étage 6 forms a faunistic unity; its subdivisions seem 
to be mainly rock units with a comparatively uniform fauna, although 
displaying some differences in facies (Kranr 1908). The correlative 
value of such subdivisions is rather limited, and it does not seem pos- 
sible to trace them from Norway to Estonia. 

In the opinion of the present writer the Juuru stage corresponds 
more or less completely to the étage 6, and a suggested correlation of 
the uppermost Ordovician and the lowermost Silurian is as follows: 


Estonia Norway 
Tamsalu stage (G,) Zone 7a 
Juuru stage (G,) Etage 6 
Possible hiatus 
Porkuni stage (F,) Zone 5b 


The duration of the hiatus between the Porkuni and Juuru stages 
discussed above must be considerably reduced. The possibility of a 
break in the sedimentary sequence cannot be excluded; but this, in 
comparison with KraEr’s opinion, much reduced hiatus should not be 
of practical importance for international correlations. 


3-—573060. G. F. F. 1957. 
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Some Data concerning the Mineralogy of the Karlshamn 
Granite 
By 


Routr B. Norin 


Abstract: The granite, a coarse massive type, contains the following minerals: quarz, 
microcline, oligoclase, biotite, sphene, apatite, zircon, and magnetite with some secondary 
sericite, chlorite, and calcite. The minerals were isolated according to the method shown 
diagrammatically in Fig. 1. The relation between chemical composition and optical 
properties of the microcline and the biotite is elucidated. In the system of P. Niggli 
the granite represents a normal-granitic to yosemite-granitic magma type. 


The granite to be treated in this paper, known among Scandinavian 
petrologists asthe Karlshamn Granite, occupies considerable 
areas of the middle part of the province of Blekinge, in South-Eastern 
Sweden, extending as a large and several subsidiary massifs westwards 
to Karlshamn, eastwards to Edestad and in the north to the neigh- 
bourhood of Backaryd. Although the rock is frequently referred to in 
geological literature as one of the typical post-orogenic Gothian gra- 
nites, it has earlier been described only summarily and no chemical 
and mineralogical investigation has been made. The mineralogical and 
petrographical data presented below may therefore be of some value. 


In the paper »Geologisk beskrivning over Blekinge Lin», BLOMBERG 
(1900) ‘considers the Karlshamn granite as more or less strictly equi- 
valent to the so called Jimsh6g Granite in the northern 
part of the mountainous region of Ryssbergen at the western boundary 
of the province. According to Brompere the mineral constituents are 
quartz, orthoclase (microcline), oligoclase, dark mica, sphene, orthite, 
and calcite. The texture varies between coarse, eyed rocks within the 
main body and streaky and partly fine-grained varieties within the 
marginal areas. No more detailed mineralogical or chemical analysis 
is presented. Some additional information about this rock is to be 
found in the explanatory description by H. Hepstrém to Geological 
Survey of Sweden: Ser. A,a, Sheet 5, 1906, which covers parts of the 
provinces of Smaland and Blekinge. Here, the streaky (flasrig a) 
appearance of the rocks, often to be noticed in the field, is correlated 
with microscopical observation on the optical undulosity of the quartz, 
the crushing of the feldspars, and subsequent appearance of calcite. 
Two chemical analyses are given. They have been included in Table 1 


below. 
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| 100.18| 99.48| 99.67] 99.96 100.1 


. Railway section east of Harsjén Ry St:n. Hedstrém 1906. 

. Méllenis, eastern farm house, about 2 km N.N.E. of Hiirsjin Ry St:n. Hedstrém 
1906. 

. Kallinge, north of Ronneby. Analyst: E. Eriksson, Héganiis. 

. Highroad north of Kullakra. Analyst: E. Ertksson, Hoéganis. 

. D:o. Chemical composition calculated from planimetrical analysis. Length of slide 
section measured 600 mm. 


OU vo Doe 


In a tectonical analysis of the Karlshamn Massif by Haperua (1936), 
and in ASKLUND’s paper »Gatsten och kantsten» (1947), the mineralogy 
of the Karlshamn granite has been cursorily treated. Attension may 
be drawn also to the present writer’s description of the rock in his 
paper on the geology of western Blekinge in 1936. 


Table 2 
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Se ee ee ee ee ee ee ee 
Karlshamn granite. 


Coarse-grained, eyed microcline granite, Kallinge, north of Ronneby. 
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Table 3 
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fem 8.7 Yosemite 
H,O 0.4 | granitic 
99.96 99.8 100.0 


Karlshamn granite. 
Coarse, even-grained microcline-granite. Kullakra. 


Generally speaking, the Karlshamn granite is a coarse-grained massive 
type of granite of grayish red or red colour. The coarsest varieties are 
usually not found in the central parts of the massif but rather within 
the easterly parts, e.g. around Kallinge, north of the township of 
Ronneby. The granite encloses large portions of older Archean rocks, 
mainly referable to the supercrustal rock series of the so called coastal 
gneiss (kustgnejs), which have become more or less extensively 
altered metamorphically by the granite. With the appearance of gra- 
nitic sills and veinlets in the locally predominant gneisses, coarse- to 
fine-banded arteritic migmatites develop (Hillaryd, Sternd), which 
grade into massive and rather homogenous granite. In places assimilating 
processes seem to have been active whereby gneiss material has been 
incorporated in the granitic magma, a process which may be traced 
in HepstTrR6m’s analyses of the granite from Hirsjén, 3 km north-east 
of Brakne-Hoby (Table 1). The other analyses in the same table, 
executed at the Central laboratory of the Héganis-Billesholm Co, for 
the present paper, exhibit better agreement between themselves with 
a composition similar to that of the less salic of the granites (No. 2) 
analyzed by HEpDSTROM. 

Analysis No. 3 from Kallinge refers to a very coarse-eyed granite 
with microclines up to 5 cm in size. The material for this analysis was 
procured thus: 5 kg of the rock was crushed to small fragments where- 
after the sample was reduced by means of dividing apparatus. 

Analysis No. 4 represents a medium- to coarse-grained granite with 
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microclines of centimetre size. The integration analysis of this specimen 
was made on a series of thin-sections over a length of 600 mm. — 
The Norm and Niggli-values of the new analyses are given in Tables 
2 and 3. 

In the specimens investigated by the writer only the following 
minerals seem to be present, viz. quartz, microcline, plagioclase, biotite, 
(amphibole), sphene, apatite, zircone, and magnetite together with 
secondary sericite, chlorite, and calcite which enter rather sparingly. 
The plagioclase represents two generations, one earlier, with composition 
Ang, and one younger, more sodic; the former appears occasionally 
as nicely idiomorphic individuals with rounded corners within the 
large eyes of microcline (Cfr also Nortn 1936, p. 542). 

The modal composition of the Karlshamn Granite is given in Tables 
2 and 3. Concerning the chlorite, this mineral can be identified only 
sporadically as aggregates in parts of the biotite individuals, the compo- 
sition of the aggregates probably representing approximately the com- 
position of the biotite. 

Concerning the Kallinge granite, which is too coarse-grained for 
planimetrical calculation of its actual mineral composition in thin- 
sections, the following method has been used for this purpose. The 
amount of mafic mineral constituents has been determined by means 
of heavy liquids (see below). Then the magnetite present in the heavy 
fraction has been extracted with a strong magneto and the amount 
determined, the pureness being controlled under the microscope. From 
the remainder of the mafic fraction, sphene + apatite has been sepa- 
rated; thus the amount of biotite (+ chlorite) is obtained. Among the 
light felsic minerals, free quartz has been determined chemically ac- 
cording to the method of Hrrscu-Dawrut (1932) by digestion of the 
sample with H,O-free H,;PO; at 250° C. The modal composition of 
the Kullakra Granite, on the other hand, was determined plani- 
metrically. The process of separation is shown diagrammatically in 
Fig. 1 below. The large sample of granite from Kallinge has furnished 
the material for the analysis of the biotite in Table 5 after treatment 
according to scheme. Inspection under the microscope of the biotite 
thus isolated, indicated a pureness of about 99 %. 

The minerals which are of special interest in the present case are 
the berthollide silicates, viz. microcline, plagioclase and 
biotite. . 

Microcline often occurs in large crystals, and material can be 
picked out directly from the coarse Kallinge granite with its large 
microcline eyes, several centimetres in size and often surrounded by 
a corona of oligoclase, as well as from the medium-grained Kullakra 
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Fig. 1. Scheme of separation. 


————S a eee 
| Quartz Potash feldspar | Plagioclase Biotite Titanite | Apatite | Magnetite | 
eee eee ed 


Bromoform 
sp. w. 2,90 
=e 
Quartz | Potash feldspar Plagioclase Biotite | Titanite | Apatite | Magnetite | 
Bromoform + ethanol Magnetic separation 
sp. w. 2,60 
a —— 
| Biotite | Titanite | Apatite | | Magnetite | 
vGVTSl___—_—_c_co~ 


Potassium-mercury-iodide 


Potash feldspar | Quartz + plagioclase | sp. w. 3,18 


~— 


Biotite | Titanite Apatite | 


granite. In the fraction quartz — potassium feldspar — plagioclase, 
the quartz + plagioclase can be separated from the potassium feldspar 
by careful dilution of bromoform with ethanol. 


Table 4 


Weight 


o/ 


Weight 
0, 
oO 


10 000 x 
% M 


10 000 x 
M 


SiO, 65.80 10 956 CaO 0.91 162 


TiO, 0.26 33 Na,O 3.02 487 
Al,O, 19.12 1 876 K,0 10.37 1101 
Fe,0, 0.55 34 Pi0; 0.18 13 
FeO 0.25 35 H,O 0.23 128 
MgO sp. — Co, 0.18 41 


Microcline from Karlshamn granite. Kallinge. 
Analyst E. Eriksson, Hoganas. 


Microcline appears, however, with all grain-sizes, bordering on the 
other minerals with undulating contacts; the phenocrysts usually 
exhibit rather distinct idiomorphy. When bordering on plagioclase, 
spongy, wart-like protuberances of myrmekite often penetrate into 
the microcline from the contact. The microcline often also contains 
inclusions of plagioclase, slightly stained with secondary sericite and 
calcite. These inclusions prevent an exact determination of the amount 
of albite which enters in the form of solid solution with the potash 
feldspar. The chemical composition of the microcline isolated from 
the Kallinge granite, is given in Table 4. Owing to the very 
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intimate intergrowth of plagioclase, quartz and accessories with the 
microcline, the analysis of the phenocrysts corresponds to the following 
mineral composition: 


Quarte Ree Ae ee er ene ipso A 
Potassium feldspar ........ cee 3 
Albitevers sc ccies tPne eee 25:5--» 
PATOTERIUC issn act iene oles 1.2 » 
Sericitew.?. «dts. Ramee ee bedey 
Titanite’. . svsiaaeeeee ae 0.6 » 
Apatite’, 27.75 Sten. bee ee 0.4 » 
Magnetitemscscimmwreends ost 0.8 » 
Undefinedsss.::6 S2ene. (2 0.9 » 

100.0 % 


The total composition of the feldspar components thus becomes 
Glssa sgaiiea- 

Owing to the very dense quadrille structure of the microcline, exact 
determination of the axial angle and the position of the optical vectors 
could not be made. In sections parallel to (001) the following values 
were obtained 

(001): :a;== 85° 
(O0L PGS == as 
(00L): 4==etS= 


The refractive indices, determined in sodium light, are 


nea = 1.5224 
ny = 1.5304 
ny — na = 0.0080 (Calc.) 


The plagioclase generally appears as single crystals and the 
frequency of twinned individuals is remarkably low. It is common 
as inclusions in the large microcline eyes. The position of the optical 
vectors are 


(010): a = 88° 
(010): B = 84° 
(010): y= 5° 


corresponding to an,; Or any. 
The refractive indices (sodium light) are 
no. ==1<5402 
ny = 1.5488 
ny — na = 0.0086 (Calc.) 
corresponding to anys. 
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Biotite. By the separation procedure outlined above a con- 
siderable quantity of rather pure biotite could be isolated from the 
rock. The chemical analysis is given in Table 5. An analysis of biotite 
from Butte (WEED 19 ) has been added for comparison, together 
with the average composition of biotites from granites and granitic 
pegmatites according to TROcER (1935). 


Table 5 
ee ee ee. Se Me ee ee 9 8 
1 | 2 | 3 
Sk —- — 35.58 
10, 25 3.61 2.50 
Al,O, TiO2)\ so 8 14.10) 16.10 
Fe,0, 3.85/ 70-87 5.37f 2-47 Zogp 28-13 
Mn0 “orip ist | Toagp ese | MAT bia 
same 4 12.20 we, 12.49 5 11.02 
KO | Gist 7 | Gaet 250 | Bigot 278 
H,O 1.83 Bey __3.60 
100.06 


1. Biotite, Kallinge. Analyst E. Eriksson, Héganis. 
2. D:o , Butte (acc. WreED, Journ. Geol. Vol. 7 p. 743). 
3. D:o , modal average composition acc. TréGER 1935. 


The principal difference between the Kallinge biotite and the biotites 
concerned is a slightly higher percentage of SiO, and lower of potassium 
in the former. Based on the type formula of Pautine (1930) 


KX, Y,0,.(OH,F), BAe 7 OOH. Eb). 
the structural formula of the Kallinge biotite has been calculated 
from the values in Table 6. 


Table 6. Biotite 


at prop. | Symbol 


SiO, 40.83 0.680 Q 
TiO, 125 0.016 —_ 
Al,O; 17.02 0.334 A 
Fe,0, 3.85 0.048 FS 
FeO 14.60 0.203 F 
MnO 0.71 0.010 

MgO 9.77 0.242 M 
CaO 2.43 0.043 C 
Na,O 1.49 0.048 N 
K,O 6.19 0.131 K 
H,0 1.83 0.203 = 
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K is exchangeable to a limited extent by Na and Ca. The excess 
of Al above the amount needed to fill the 4-coordinated cation posi- 
tions, together with trivalent iron, has been joined to the 6-coordinated 
divalent cations 

II 


(K,Na,) (Mg, Fej,2,Ca,) (Aly seq @r3) [(Al, Si, 040) (OH) 
Sum of negative charges = 22,0 [0,.(OH).] 
22.00 = 
4Q + 3A + 3F3 + 2F?+2M+2C4+N+K 
The exponents k, n etc. then become 
q=£-Q, a=f-A etc. 
and the formula of the biotite 
(Kos:Na o01) (M10sFedicoC@o10) (Feos:Aloss) [(AliosSte.c7O10) (OH)s] 


or simplified 


Factor f= 4,36 


Be eras kone: [(A]; osS19.97 O10) (OH,F),] 


— $$ —$ ———_——§@ 


Total charges + 21,9 — 22,0 
The biotite in the Karlshamn Granite is brownish yellow to brownish 
green: 
6 = y brownish green, a light brownish yellow 


Refractive indices and birefringence 


na = 1.587 (calc.) 
DB 5a = DY, = 1.635 (obs:) 
ny —na = 0.048 (obs.) 


2Va very small. 
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Determination of the Composition of Garnets without Chemical 


Analysis 
By 


RupDYARD FRIETSCH 


Abstract: In the present paper an account is given of the extent a determination of 
only the unit cell dimension and the refractive index may be used to predicte the com- 
position of a garnet. For this purpose 17 analysed garnets were investigated, the unit 
cell dimensions and the refractive indices are shown in Table 1. By using fig. 1 and 2, 
in which the unit cell size and the refractive index of 60 analysed garnets have been 
combined, it is possible to obtain a characterization accurate enough to be used in 
petrogenetical problems. To distinguish accurately between an almandite and a spessartite 
partial chemical analysis for manganese is necessary. From fig. 2 it seems clear, how- 
ever, that a garnet with n < 1.80 and > 1.82 is not especially rich in spessartite. 


The relationships between the chemical composition of a garnet and 
the rock type in which it occurs is, In many cases, of great interest 
when considering petrogenetical problems. This has been held forth 
by a number of authors and in detail by Herirscn (1926) and Wricut 
(1938). The determination of the composition by means of chemical 
analysis is, however, tedious as well as expensive and there are good 
reasons for trying to attain this end by simpler means. 

The relationships between the physical properties and chemical 
composition of the garnet group has been studied by many mineralo- 
gists. Of basic importance is the investigation by Forp (1915) in which 
he showed that the refractive index and specific gravity depend on 
the chemical composition. By means of equilateral triangular graphs 
given by Ford together with a determination of the chief components 
it is possible to certain degree to predict the chemical composition 
of a garnet. 

SrockwELL (1927) showed that the variations in the size of the 
unit cell can be used to advantage to characterize certain features of 
the chemical composition of the garnet group. According to Stockwell 
it is possible, FT the dimensions of the unit cell, refractive index and 
specific gravity are known, to determine the composition just as 
accurately as by Ford’s method, and no supplementary chemical tests 
are necessary, apart from a test for manganese — the last-mentioned 
to make it possible to distinguish between garnets rich in spessartite 
or almandite. Stockwell shows further that it is possible only by means 
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of X-ray data (size of unit cell, intensities of lines) combined with a 
qualitative test for MnO to approximately determine the composition. 
Stockwell uses right-angled diagrams in which size of the unit cell, 
refractive index and specific gravity are combined. 

WINCHELL (1927) considers all andradite-grossularite garnets to be 
anisotropic, which would not be the case with almandite-pyrope- 
spessartite garnets. A determination of the optical character and a 
determination of the refractive index or specific gravity is, according 
to Winchell, sufficient to approximately determine the composition. 

v. PurtresporNn (1928) showed that the triangular diagrams given 
by Ford are not sufficiently accurate: a very small amount (2—3 
‘ per cent) of a fourth component may change the refractive index and 
‘specific gravity considerably. He considers tetrahedral diagrams as 
most suitable for an accurate determination. 

FLEISCHER (1937) verified the results of the investigations of Ford 
and Stockwell, and gave somewhat modified values of the unit cell 
dimensions and specific gravities. 

Levin (1949) stated that by means of algebraic equations it is pos- 
sible to determine a five- -component garnet, m which the sum of 
| andradite, grossularite, almandite, pyrope and spessartite is 99 per 
cent, with an accuracy of 1 per cent, if the size of the unit cell, re- 
| fractive index and specific gravity are known, and a quantitative 
| determination of either MnO or FeO has been made. 

Of the physical properties which have been used in the above men- 
tioned papers, it is in every case most difficult to obtain an accurate 
value for the specific gravity, owing to the fact that garnets often 
contain inclusions. Moreover a small amount of material renders the 
determination of the specific gravity difficult, while a determination 
of the unit cell size and refractive index does not offer corresponding 
difficulties. 

The purpose of the present investigation was therefore to investigate 
to what extent a determination of merely the unit cell dimension 
and the refractive index can be used to predict the composition of a 
garnet. For this purpose 17 analysed garnets were investigated (Table 1). 
For some of the garnets either the size of the unit cell or the refractive 
index had already been determined, and therefore only complementary 
determinations were necessary. 

All determinations of the refractive index were made by means of 
the immersion method, as in no case the material was suitable for 
grinding prisms measurable by a goniometer. Two series of liquids 
were used, partly those described by Mervin (1913) and partly those 
by West (1936). 
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Table 1 


Observed and calculated refractive indices and unit cell sizes, and_compo- 
sitions of 17 garnets 

ee a ee ee 

: R n n : a a . 

Py P| obsd. | caled. Diff. Sha falod De 


oo eeeeEP 


1.| 0.68)92.48| 4.31] 2.27} 0.26]1.753| 1.739] + 0.014 | 11.80] 11.809 | + 0.009 
2.|26.10|64.10] 4.85] 1.91] 3.07]1.763| 1.783] + 0.020 | 11.87 | 11.865 | —0.005 
3. | 10.48 | 51.85} 19.89] 0.08} 17.69 | 1.772] 1.780] + 0.008 | 11.72 | 11.736] + 0.016 
4. — |28.68|52.37| 4.58]14.37] 1.788] 1.791 | + 0.003] 11.62 | 11.597 | —0.023 
5.| 0.65] 9.73|14.35] 2.23] 13.06 | 1.801 | 1.797 | —0.004 | 11.59 | 11.602 | + 0.012 
Gi = 0.73 | 33.82] — |65.45]1.808] 1.808 0.000 | 11.55 | 11.552} + 0.002 
7.| 0.15 | 10.60 | 73.62 | 11.01] 4.61] 1.808] 1.806 | —0.002] 11.50 | 11.539 + 0.039 
8.} — 6.95 | 75.65 | 15.18] 2.22|1.810] 1.803 |] — 0.007 | 11.52 | 11.509 | — 0.011 
9.} 8.92] — |19.30] 0.84] 70.90] 1.810 | 1.813 | + 0.003 | 11.61 | 11.606 | — 0.004 
10.| 7.70} 4.18|60.94] 3.88 | 23.30]1.816 | 1.818 | + 0.002 | 11.55 | 11.564] + 0.014 
11.) 5.55} — |16.70] 1.85] 75.90] 1.816] 1.808 | — 0.008] 11.61 |] 11.591 | — 0.019 
12. | 66.71 | 26.70] 3.91] 1.12] 1.55]1.816 | 1.846] + 0.0367 11.88 | 11.953 | + 0.073 
13.} — |13.09]58.37| 2.59 | 25.95] 1.829 | 1.806 | —0.023 | 11.51 | 11.564 | + 0.054 
14. | 68.53 }18.85] 7.64] 1.41] 3.57] 1.839] 1.855] + 0.016] 11.94 | 11.950 | + 0.010 
15. | 73.01 | 20.62] 4.92} 0.77] 0.67 | 1.8414 1.856] + 0.015] 11.96 | 11.963 | + 0.003 
16. | 76.90 |12.07] 4.18] 0.33] 6.52]1.856] 1.866] + 0.010 | 11.98 | 11.966 | — 0.014 
a7 — |13.98|62.88] 4.66|]18.47 11.55 | 11.555 | + 0.005 


1—2. H. v. Eckermann, Geol. Foren. férh., vol. 45, p. 264, 1923; 1. from Mansjo, 
Sweden, 2. from Tennberg, Sweden. — 3. N. H. Magnusson, Geol. Survey of Sweden, 
Ser. Ca, No. 30, p. 67, 1940; from Basttjairn, Sweden. — 4. A. Hietanen, Bull. Comm. 
Géol. Finlande, No. 130, p. 15, 1943; from Kalanti, Finland. — 5. A. Hietanen, Bull. 
Comm. Géol. Finlande, No. 115, p. 387, 1936; from Simsié, Finland. — 6. O. v. Knorring, 
Bull. Comm. Géol. Finlande, No. 138, p. 77, 1946; from Kimito, Finland. — 7. T. du 
Rietz, Geol. Foren. forh., vol. 57, p. 190, 1935, from Muruhatten, Sweden. — 8. P. Eskola, 
Bull. Comm. Géol. Finlande, No. 115, p. 484, 1936; from Isopiéa, Finland. — 9. N. Sun- 
dius, Geol. Survey of Sweden, Ser. C, No. 312, p. 313, 1936; from Hillefors, Sweden. — 
10. H. v. Eckermann, Geol. Féren. forh. vol. 44, p. 264, 1922; from Mansjé, Sweden. — 
11. S. Foslie, Geol. Survey of Norway, No. 174, p. 55, 1949; from Hafjellet, Norway. — 
12. N. H. Magnusson, Fennia 50, No. 7, p. 5, 1928; from Lindbomsgruvan, Sweden. — 
13. T. du Rietz, Geol. Survey of Sweden, Ser. C, No. 46, p. 6, 1944, from Laver, Sweden. 
— 14. N. H. Magnusson, Geol. Survey of Sweden, Ser. C, No. 431, p. 55, 1940; from 
Herring, Sweden. — 15. S. Gavelin, Geol. Survey of Sweden, Ser. C, No. 521, p. 26, 
1951; from Adak, Sweden. — 16. P. Geijer, Geol. Survey of Sweden, Ser. C, No. 275, 
p. 239, 1916; from Norberg, Sweden. — 17. H. v. Eckermann, Geol. Foren. forh., vol. 44, 
p. 264, 1922; from Mansjé, Sweden. 

The observed refractive index is for Nos. 7 and 13 accurate within + 0,001; for Nos. 
9—11, 14 and 16 accurate within ++ 0,002; for Nos. 12 and 15 accurate within + 0,003 
and for Nos. 1, 2, 46 and 8 the accuracy is not stated. 

The observed unit cell size is for all analysis accurate within + 0,01, except for No. 15 
for which the probable error is not stated. 


The size of the unit cell has in most cases been determined by a 
cylindrical powder camera. The determinations of some of the samples 
were made by means of a focussing powder camera. In all cases Cr 
radiation was used. 

Table 1 gives a summary of 17 analysed garnets with the calculated 
compositions and with observed and calculated unit cell sizes and re- 
fractive indices. For the calculation of the refractive indices the values 


uy 


t 
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12.00 
ly 
N 
~~ 
Y 
“J 11.90 Gr (‘A n) 
Gy Fo . 26+64 
4 (a iehaead, 
OC arog 7°" 
7+8+0 
ne 11.80 77870 9 ir40 _An+Gr_ expressed in 
> 182 PytAl*Sp per cent 
= An = Andradite 
Gr = Grossularite 
Gr (Ar Alp) pha 
11952 Al = Almandite 
11.70 wag as Sp = Spessartite 


1.75 1.80 1.85 1.90 


REFRACTIVE INDEX 


Fig. 1. Unit cell sizes and refractive indices of andradite-grossularite garnets. Each dot 
represents an analysis. 


given by Ford were used: andradite 1.895, grossularite 1.735, almandite 
1.830, pyrope 1.705 and spessartite 1.800. For the calculation of the 
unit cell dimensions the values given by Fleischer were employed: 
andradite 12.045, grossularite 11.84, almandite 11.495, pyrope 11.44 
and spessartite 11.59. In the table the differences between the observed 
and calculated values for those two physical properties are given; 
+ refers to a too high a calculated value and — to a too low a cal- 
culated value. 

For 16 analysed garnets (the refractive index of analysis No. 18 
could not be determined) the average difference between the observed 
and calculated value for the refractive index is 0.0098 and the algebraic 
sum is + 0.050. In 6 cases the difference is greater than 0.010 and for 
the remaining 10 analyses the average difference is 0.0047 and the 
algebraic sum is almost zero. Fleischer obtained for 57 analyses an 
average difference of 0.006, and if 7 analyses which have a difference 
greater than 0.010 are omitted, the average | e difference becomes 0.0035 
‘and the algebraic sum of the difference is very nearly zero. 
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The average difference for the different garnet end-members are 
shown in Table 2. 


Table 2 
: Averag : 
Dominant end-member pci a Algebraic sum 
Spessartite .......... 0.004 —().009 (4 analyses) 
Almandite .......... 0.004 — 0.027 (5 ye) 
Grossularite ......... 0.014 + 0.001 (3 »  ) 
Andra tee seid. nian. 0.018 + 0.007 (4 po.) 


From the foregoing it will be seen that the agreement between the 
observed and calculated values of the refractive indices is better for 
spessartite and almandite than for grossularite and andradite. The 
calculated values of the first-mentioned are too low, for the latter they 
are too high. 

For 17 analyses the average difference between observed and cal- 
culated unit cell dimensions is 0.0184. If the analyses Nos. 12 and 13 
are omitted, the average difference for the remaining 15 analyses is 
0.0124. For the different garnet end-members the average differences 
are shown in Table 3. 


Table 38 
: Average oe 
Dominant end-member difforense Algebraic sum 
Spessartite ......+.--. 0.009 — 0.009 (4 analyses) 
Grossularite ......... 0.010 + 0.020 (3 +) 
AlmaniGaten 2 dares. 5 9:0. 0.024 + 0.078 (6 1) 
IAMOTACIEO wp. v0 so «2s 0.025 + 0.072 (4 via) 


The table shows that the agreement between the observed and 
calculated unit cell sizes is better for spessartite and grossularite than 
for almandite and andradite. For all except spessartite the calculated 
values are greater than the observed. 

The agreement between observed and calculated values of both 
refractive index and unit cell dimension must be considered as good. 
A comparison of the accuracy of the determinations of the physical 
properties and the differences between the observed and calculated 
values gives an idea of the suitability of the different physical variables 
in prediciting the composition of a garnet. The value given for a 
determination of the refractive index is accurate within + 0.002 and 
the average difference is 0.004—0.006; for the unit cell dimension 
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PytAl+Sp expressed in 
An+Gr per cent 
Py = Pyrope 
Al = Almandite 
Sp =Spessartite 
An = Andradite 
Gr =Grossularite 


11.65 
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Fig. 2. Unit cell sizes and_ refractive indices of pyrope-almandite-spessartite garnets. 
Each dot represents an analysis. 
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the corresponding values are + 0.01 and 0.012 and for the specific 
gravity + 0.001 and 0.026. The values concerning the refractive index 
are taken from Fleischer’s investigation and from the present paper. 
The values of the unit cell dimension are based on the present paper. 
The specific gravity values given by Fleischer have been used here. 
From the preceeding it seems that the specific gravity is least suited 
as a basis of characterization. 

The investigation presented above shows that if the chemical com- 
position of a garnet is known, it is possible with a high degree of 
accuracy to calculate its unit cell dimension and refractive index. 

To visualize the relationships between the variations in refractive 
index and unit cell size on one side and the chemical composition of 
the garnet group on the other, two diagrams, in which the unit cell 
size was plotted against refractive index, were drawn. Fig. 1 comprises 
garnets which are dominated by andradite and grossularite end-mem- 
bers. Fig. 2 comprises garnets which are dominated by pyrope, alman- 
dite and spessartite end-members. The following analyses have been 
plotted in the figures: Nos. 1—16 from the present paper; Nos. 3, 4, 
6—10, 13—18, 21, 22, 25, 26, 28—34, 38—40, 46—48, 50, 51 and 
54—57 taken from Fleischer’s Table 1; Nos. 1, 2, 7 and 18 taken from 
Fleischer’s Table 2; one from Passr (1938) and Papsr (1955) and 
one from Sarap (1957). Data, taking both composition, size of unit 
cell and refractive index into consideration, are available for all garnets 
taken from the present paper; for Nos. 13, 17, 21, 29, 40, 46, 50, and 
51 in Fleischer’s Table 1 and for the garnets described by Pabst and 
Sarap. These have been represented in the figures by a dot inside a 
circle. For the remaining garnets taken from Table 1 and 2 in Flei- 
scher’s paper a measurement of either the unit cell size or the refractive 
index is available. The value for the physical property for which no 
measurement has been made, has been calculated from the composition. 
The values thus obtained, are, on considering what has previously 
been said about the agreement between observed and calculated unit 
cell dimensions and refractice indices, to be considered as representa- 
tive. In all 60 analysed garnets were plotted in the figures and 27 of 
the garnets have complete data. 

Close to the dots in the figures the composition for each garnet is 
expressed in molar ratio per cent. Thus 58 + 12/5 + 0 + 14 in fig. 1 
(An + Gr/Py + Al + Sp) implies that the garnet in question consists 
of 68 per cent andradite, 12 per cent grossularite, 5 per cent pyrope 
and 14 per cent spessartite. 

In the figures it is possible to distinguish a number of fields in 
which garnets of more or less similar composition occur. Fig. 1 1s 
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separated in two larger fields: in the one andradite with a high content 
of grossularite occurs, in the other grossularite with a high content 
of andradite. In fig. 2 the following groups of garnet may be distin- 
guished: pyrope with a high content of almandite, almandite with a 
high content of pyrope and grossularite, almandite with a high content 
of spessartite and spessartite with a high content of almandite. In 
the parts of the figures that border against the area of limited misci- 
bility between andradite-grossularite garnets and pyrope-almandite- 
spessartite garnets, garnets occur that mainly consist of almandite 
and grossularite. In these, pyrope, spessartite or andradite are alter- 
natively present as further essential end-members. 

A striking feature in fig. 2 is that those garnets that are dominated 
by the spessartite end-member are concentrated within a limited area. 
The refractive index for those garnets varies between 1.80 and 1.82, 
the size of the unit cell is always greater than 11.54. In the lower part 
of the area »Sp(+ Al)» some garnets occur which consist of almandite 
with a high content of spessartite. However, garnets in which the 
spessartite end-member dominates never occur in the area »Al(+ Sp)». 
A garnet which lies within the area »Al(+ Sp)» is therefore always 
an almandite, but a garnet which lies within the area »Sp(-+ Al)» is 
as a rule a spessartite, but may also be an almandite. 

Needless to say, fig. 1 and 2 are not to be considered determinative 
diagrams in the sense that the proportions of all the different end- 
members may be read directly. Even now the recorded material gives 
a possibility of characterization accurate enough to be applied to many 
petrogenetical problems. A successive completion with further values 
makes it possible to make the estimations with a higher degree of 
accuracy. 
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The Clay Minerals in the Ordovician Bentonite Beds in 
Billingen, Southwest Sweden 


By 


Ann Marie Bystrom 


Abstract: A preliminary investigation has been made of the bentonite beds in Billingen, 
Vestergotland, Sweden. The clay consists of a complex mixed layer mineral; the layers 
are mostly illitic and are mixed with probably chloritic and partly dehydrated mont- 
morillonite layers. This clay mineral differs from the types found in the corresponding 
beds at Kinnekulle, 30 km, NW of Billingen, but is similar to the clay mineral found in 
the K-bentonites of Pennsylvania. Chlorite is present in varying amounts. 


Ordovician bentonite beds in the strata at Kinnekulle, southwest 
Sweden, have been reported earlier and described by THorRsLUND 
(1948), and Bystrom (1954). It has also been known that bentonite 
beds occur in other parts of the same region and borings have been 
made at some places. Recently, a boring was especially undertaken 
to locate and investigate the bentonite beds in Billingen, 30 km, SE 
of Kinnekulle?. 

The core was extremely well preserved, even in the parts where the 
bentonite beds had been met. A diagram, obtained from a quick survey 
of the core, is given in fig. 1, together with the diagram of the strata 
at Kinnekulle (compiled from THorsLunp, 1948). The sequence of 
layers in the two sections shows that the bentonite beds can most 
certainly be dated to the same period of volcanic activity. A 

The material in the bentonite beds is very typical. It is soft and grey 
with a soapy feeling, and breaks up to a powder when placed in water. 
The swelling property is not very pronounced. The core is very hard 
to split lengthwise, but easy when cut across, indicating the parallel 
direction of the layers. Some parts of the beds show cracks and crumbled 
material, which occur preferentially in contact with concretions of 
pyrite. Pyrite is common throughout the beds. 

An idea of the distribution of non-clay crystalline material can be 
obtained by observing the biotite grains. These are not discernable 
in the upper third of the core, which is also more dense than the under- 


* The Skévde Gasbetong Company performed the boring during the summer of 1956. 
The bore hole was placed at Rosenlund, 8 km W of Skévde, at 208 m above sea level. 
I had the opportunity to survey the core and to take samples, thanks to the Director 
of the company, Civil Eng. P. O. Grane. 
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lying parts. Large biotite grains become more frequent downwards, 


but the distribution is irregular. 

A first tentative research of the bentonite material has been made. 
X-ray diagrams were taken of samples from the two upper thin beds, 
respectively, and from three different levels of the thick bed. With 
allowance for minor variations, the diagrams are very much alike but 
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are different from those given by either type of Kinnekulle material. 
The main part of the clay material seems to consist of a complex mixed 
layer mineral chiefly with illitic layers. It strongly resembles the clay 
mineral in the K-bentonites of Pennsylvania described by WEAVER 
(1953). 

In Table I, X-ray data are given for reflections belonging to the 
mixed layer mineral phase. The sample was taken from the bottom 
of the bed but the diagram may be considered as representative for 
the whole material. Besides the diffuse and broad reflections that 
have been listed in the table, there is a series of reflections from a 
chlorite which are extremely sharp and can be well distinguished from 
the set of diffuse lines. There is always a more or less pronounced halo 
of blackening near the primary spot, indicating poor crystallinity of 
the material and also possible existence of some short range order in 
the layer sequence. Especially in the glycerol-treated sample, the 
blackening is extended and seems to finish with a stronger blackening 
near 18 A. In the other diagrams the blackening fades out gradually 
from about 24—30 A. 

The reflection at 10.8 A indicates a hydrous mica mineral. The heat 
treatment, however, does not retract this line to 10 A, which shows 
that not only water layers are present in this phase, but other layers 
as well, possibly of chlorite type. The treatment with glycerol shows 
a swelling of complex nature with a very strong reflection at 11.8 A 
and a less strong one at 9.7 A. This indicates that the layer population 
is of more than two kinds, resulting in different layer distances with 
complex interference effects. The splitting of the 5 A line in the material 
heated to 550° C is another indication of the complex composition of 
the material. 

Besides the mixed layer mineral, chlorite is present in varying 
amounts. In the A, and A, beds, the reflections from this phase are 
scarcely visible. In the top part of the thick bed, chlorite is present 
in considerable amounts and the reflection at 1.54 A comes out medium 
strong. In the middle and lower part, chlorite is present in subordinate 
amount and has been identified in the oriented samples only. A few 
of the strong reflections from quartz and feldspar are generally present. 

The K,0 content determined on the < 2y fraction of sample No 20 
is 7.75 % on a 110° C dry basis. 

It is now possible to compare the clay minerals from the Ordovician 
bentonite beds in different regions of a large area of south Scandinavia. 
At Kinnekulle, the chief clay mineral in the main bed is closely related 
to montmorillonite, has a relatively low potassium content and a 
considerable part of swelling layers. The clay mineral in the thin beds 
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Table I. X-ray data for diffuse series of reflections from sample No 20, 
thick bentonite bed, Billingen, Sweden; oriented specimen 


ae eee 


glycerol-treated dried at 110°C heated to 400°C heated to 550°C 
I d I d I d I d 

vst EAS vst 10.8 vst 10.4 m 10.5 
st 9.7 st 0.22 
m 5.01 m 5.01 st 4.9 st 4.87 
st 4.79 

vst 3.36 vst 3.26 vst 3.26 vst 3.28 
m 3.18 

m 2.50 2.49 m 2.46 st 2.49 
st 1.98 st 1.99 st 1.98 st 2.00 


The specimens were exposed in a Philips powder camera, 114.7 mm diameter, especi- 
ally adapted for oriented specimens. 
: vst — very strong, st — strong, m — medium; the reflexions are all broad and not 
sharp. 


has a higher potassium content and fewer swelling layers. At Billingen, 
30 km, SE of Kinnekulle, we find the clay mineral described in this 
paper. It has shifted to the illite side but still has a certain number 
of swelling layers, and probably also chlorite layers. In addition, the 
bed has a chlorite phase in some parts. The K,O content is high. In 
the extreme southern part of Sweden (Skane), the bentonites are 
similar to those found in Billingen and show the same type of complex 
X-ray diagram.! The K,0 content is 6—8 %, similar to that at Billingen. 
On the island of Bornholm, further south, the clay mineral has been 
identified as illite (Gry, 1948). In the Oslo region, 300 km, W of 
Kinnekulle, the X-ray diagrams of bentonite samples show a distinct 
non-swelling 10 A illite mineral and a well defined chlorite phase 
(HacEMANN and SpsELDNa#s, 1955). 

One of the reactions which seems to have occurred in these bentonite 
beds is a formation of muscovite layers where potassium has been 
available. The magnesium set free has formed chlorite layers with the 
remaining montmorillonite. The complex appearance of the bentonites 
is due to intermediate stages in these reactions, which seem to be 
favoured by increasing temperature. The Oslo region, where definite 
phases are found, has been subjected to strong orogenic processes, 
whereas at Kinnekulle, where the major part of the bentonite is mont- 
morillonitic, the strata contain un-pyrolysed shale beds. 

Recent researches by hydrothermal syntheses in the system 
MgO-Al,0,-Si0,-H,O support this (Roy and Roy, 1955). It has been 


1 Under investigation. 
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shown that the stability region of montmorillonite is diminished with 
increasing temperature, and a chlorite is formed. 


Grateful acknowledgement is expressed to the Natural Science Research Council of 
Sweden for a grant by which an X-ray camera was rebuilt for clay studies. 
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Hydration and hydroxylation 
with special refereuce to montmorillonite 


(Summary of a lecture given at Uppsala University in November 1955) 
By 


Ropert C. MACKENZIE 
The Macaulay Institute for Soil Research, Craigiebuckler, Aberdeen. 


Most data upon hydration and hydroxylation are admittedly derived 
from studies on dehydration and dehydroxylation, but it is always 
valuable to consider each problem from all conceivable angles, as only 
in this way can the correct solution be found. As the dehydration 
process, and consequently the mechanism of hydration, of vermiculite 
has recently been elucidated in a most complete and elegant manner 
by Walker (1956), only montmorillonite will be considered in this 
brief review. 


Hydration. 


The hexagonal-net theory of Hendricks and Jefferson (1938) has 
received most attention. Nevertheless, it is open to many objections 
when applied to montmorillonite; for example, no account is taken 
of the high population density of interlayer ions which in random distri- 
bution would undoubtedly disrupt the net and, even if sitting in ’holes’, 
would distort it. The density of such an arrangement is also less than 1 
and thus not entirely in accord with measurements of the density of 
sorbed water. 

A later theory, namely that of Macey (1942), attributed to sorbed 
water the structure of one of the ice modifications, this structure be- 
coming less rigid with distance from the surface. However, in this 
theory again, interlayer ions are neglected. 

The theory of Mackenzie (1950) that the first water molecules to 
be sorbed — and the last water molecules to be desorbed —- are 
close packed in discrete shells around the ions avoids some of the 
pitfalls of those just mentioned. The approximate hydration energies 
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calculated for ions in such a system! can be related to peak tempera- 
tures on differential thermal curves for montmorillonite saturated with 
the same ions. Li* was the only exception, but this result might per- 
haps be explicable on the basis of the data of Léwdin and Forslind 
(see Mackenzie 1952). 

Another explanation based on carefully-determined dehydration 
isobars has been offered by Greene-Kelly (1953). Here differences in 
the mobility of water molecules and diffusion effects are considered, 
and the two peaks observed on differential thermal curves in certain 
instances are believed to be essentially artifacts caused by the rapid 
rate of heating. This, however, is merely another method of stating 
the problem and is no solution. 

The application of wave mechanical theory to the problem in a 
general way by Forslind (1950) has given interesting results, but seems 
rather premature in view of the many uncertainties. 

The present status of our knowledge is therefore anything but satis- 
factory: there are insufficient data for any theory to be accepted out- 
right, but if one can argue by analogy from the mechanism for vermi- 
culite, ionic hydration may play an important part. It is possible that 
the techniques used by Walker (1956) for vermiculite may eventually 
help to solve the montmorillonite problem as well. 


Hydroxylation. 


It is now well-known that clays after heating above their de- 
hydroxylation temperature are capable of undergoing rehydroxylation 
(Davidson, 1947; Grim and Bradley, 1948; Hill, 1953). The most im- 
pressive way of illustrating this is by recording the exothermic peak 
on the differential thermal curve of a dehydroxylated montmorillonite 
cooled in steam (Jonas and Grim, 1956). The reformed montmorillonite 
is, however, not identical with the original, since the 700° C peak is 
replaced by one at about 550° C. Jonas and Grim (1956) have proposed 
a mechanism for these changes involving essentially a change in the 
positions of the octahedral Al** with respect to the surrounding O?~ 


1 The Bernal and Fowler (1933) equation was used for calculation, namely: 


K —12e? 
—— + npzP — un, 
OPE Re sic aia 


where K is the dielectric constant, ze the charge on the ion, Rz the radius of a sphere 
beyond which molecules are in normal configuration, the number of H,O molecules 
in the hydration shell (x = 6 for first shell of divalent ions, and n = 4 for first shell of 
monovalent ions), pz the ratio Pet/P~1, P the potential energy between the ion 
and one H,O molecule in its shell, Pett the true potential energy allowing for van der 
Waals forces, ww the energy of disorientation of the water molecules = 31 k-cal/g-ion. 
In this application of the formula the first term was omitted since the ion was considered 
to be surrounded by a single shell and not by an infinite dielectric. 


Hydration energy = Ui= 
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and OH~ in the rehydroxylated form. The natural occurrence of such 
structures may well explain the abnormal montmorillonites found in 
nature (Cole, 1955). 

The shift in peak temperature on saturation and fixation of K* 
on montmorillonite (Mackenzie 1956) is also a hydroxylation problem, 
since the binding energy of the hydroxyl] ions must be affected in some 
way. Similarly, the almost unique peak temperature for Old Red 
Sandstone illite (Mackenzie, 1956), and the frequent, but not invariable, 
formation of some boehmite on the dehydroxylation of gibbsite are 
equally hydroxylation problems. All of these, however, still await 
solution. 
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Hoéstmoétet 1956 


Svenska fdreningens fdr lerforskning héstméte 1956 hélls den 20 
november i IVA:s lokaler 1 Stockholm. 

Laborator K. I. Skirblom féredrog revisionsberattelsen for verksam- 
hetsaret 1955—56 och styrelsen beviljades pa férslag av revisorerna 
full ansvarsfrihet. Styrelsen fick den sammansattning som meddelats 
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pa forsta sidan. Till revisorer omvaldes laborator K. I. Skarblom och 
statsgeolog E. Mohrén med lektor L. Silfverberg som suppleant. 

Fil. dr U. Soveri héll ett med Ijusbilder illustrerat foredrag om 
»Finska kvartiira lerors mineralproblematiky. I den efterfoljande dis- 
kussionen yttrade sig hrr Lotse, Eklund, Collini, Dahlman samt fére- 
dragshallaren. Ett autoreferat av féredraget samt hr Collinis diskussions- 
inlagg foljer nedan. 

Laborator F. Nydahl, avd. for analytisk kemi vid Uppsala universi- 
tets kemiska institution, héll sedan ett féredrag om »Nagra moderna 
kemiska separations- och bestamningsmetoder tillimpade pa bergarts- 
analys». I diskussionen yttrade sig hrr Assarsson, Dahlman och fére- 
dragshallaren. Nagra av de i féredraget behandlade analysmetoderna 
komma att publiceras i annat sammanhang. 

Vid den gemensamma lunchen pa Tattersall framforde ordféranden 
foreningens tack till de avgaende styrelseledaméterna fil. lic. A. M. 
Bystrém, laborator B. Collini och aydelningschef F. Rengmark. En 
telegrafisk halsning avsindes till avgaende sekreteraren fru Ann Marie 
Bystrom. Fil. dr T. Hagerman framforde féreningens tack till avga- 
ende ordf., civiling. Ake Grudemo. 

Pa eftermiddagen hdll fil. dr T. Hagerman ett foredrag 6ver amnet 
»Om apparatfragan vid automatisk granulometrisk analys». I anslutning 
till dr Hagermans foredrag talade civiling. A. Bengtsson om »Automa- 
tisk rikning av antal partiklar och partikelstorlek», Laborator K.-I. 
Skarblom talade om »Ringspaltsikt for bestémning av kornstorleks- 
fordelning» och visade en fargfilmsupptagning av forsdk utforda med 
ringspaltsikten. Fil. kand. A. Hornsten redogjorde fér »En apparatur 
med halvautomatisk registrering for mineralogisk-granulometrisk analys 
i mikroskop». I diskussionen efter hrr Hagermans, Bengtssons, Skar- 
bloms och Hérnstens foredrag yttrade sig hrr Aberg, Collini, Mellis 
och féredragshallarna. Referat av féredragen atergivas nedan. 

Dr Hagerman foreslog att en fond skulle bildas for bestridande av 
kostnaderna for konstruktion av apparatur for automatisk granulo- 
metrisk analys. Efter diskussion beslot foreningen att ataga sig for- 
valtningen av den féreslagna fonden och en arbetsgrupp for granulo- 
metri tillsattes. Till ordférande i arbetsgruppen valdes dr Hagerman. 

Civiling. R. Rynninger héll foredrag om »Nagra preliminara resultat 
av experiment 6ver urans férekomstsitt i skiffrary. I diskussionen 

-yttrade sig hrr Dahlman, Eklund, Landergren, Assarsson, Hagerman 
samt féredragshallaren. En sammanfattning av foredraget atergives 
nedan pa engelska. Ett 60-tal medlemmar hade samlats till hostmotet. 
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Om finska kvartaira lerors mineralproblematik. 
Av 


U. Soverr? 


Abstract: The mineralogical composition of Finnish Pleistocene sediments is discussed 
and the réle of geological factors is denoted. 


Kvartira lerors mineralsammansittning beror pa flera varierande 

geologiska faktorer. De viktigaste faktorerna maste vara: 

1) berggrundens mineralsammansattning 

2) de pre- och interglaciala jordlagrens tjocklek och beskaffenhet 

3) den glaciala erosionens intensitet (dvs. i vilka mangdférhallanden 
det mera omvandlade preglaciala materialet blev blandat med 
bergartspulver under den glaciala erosionen.) 

4) sedimenteringsmilj6n som kan delas i: 
a) vattnets elektrolythalt och temperatur 1 sedimentationsbassingen 
b) sedimentationsbassingens storlek (djup) och 
c) antal sedimentationsomgangar under den sen- och postglaciala 

utvecklingen av sedimentationsbassingen 

5) yttre mojligheter for eventuell omkristallisation i det fardiga sedi- 

mentlagret. 


Dessutom maste man fasta uppmirksamhet vid postglaciala mineral- 
omvandlingsprocesser (dvs. vittringsprocesser) i det fairdiga sedimentet, 
¢. ex. vid torrskorpebildning och langsamma urlakande och jonutby- 
tande vattenstrdmningar. 

For att fa en allman uppfattning om de olika faktorernas betydelse 
for vara sediments sammansattning ar det nédvindigt att med hjalp 
av omfattande materialundersékningar belysa variationernas storlek i 
mineralsammansittningen och jaimféra resultaten med de undersékta 
arealernas och lerférekomsternas geologi. En dylik undersékning av 
105 st. finska kvartara lersediment (Soveri, 1956) har vackt upp flera 
saval geologiska som mineralogiska problem inom finsk lerforskning. 

Det visade sig, att leror med en lerhalt avy 50—60 % innehalla ca. 
15 % kvarts, och att kvartshalten ej tycks ha nagon som helst tendens 
till regionala variationer, da diremot faltspathalten i samma leror 
var ca. 10 % 1 kusttraktens djupvattenleror och ca. 15 °% i inlandets 
lagvattenleror. Mjalafraktionens kvartshalt var ungefar 24 % och 
faltspathalt ca. 21 %, och lerfraktionens motsvarande siffror var i 
storleksordning ungefiir en tredjedel av naémnda procenttal. 


+ Autoreferat av féredrag i Svenska féreningen for lerforskning 20. 11. 1956. 
* Vag- och vattenbyggnadsstyrelsen, Helsinki, Finland. 
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Dahl (1954) har konstaterat att vissa vittrade norska bergarter 
innehalla isynnerhet i grévre fraktioner ett mineral, som i réntgen- 
diffraktionsanalys ger en reflektion vid ca. 8,5 A, och att man i ASTM- 
kartoteket hittar enbart amfibolmineralen aktinolit och ossianit, som 
kunde ge den namnda reflektionen. Han betecknar darfér tillsvidare 
mineralet som okant. I finska leror observerades ett liknande mineral, 
men eftersom man konstaterade, att mineralet var kornigt och ej 
fjalligt, och da det ocksa framgick, att halten dkade med stigande 
kornstorlek, samt att apphettaing till 550° C ej inverkade pa reflek- 
tionsintensiteten, vagade man kalla mineralet i fraga amfibol. Det 
kom mycket tydligt fram, att kustomradenas bade djup- och lag- 
vattenleror innehéll mindre av detta mineral dn inlandslerorna. Amfi- 
bolernas omvandlingsprocess och sedimenteringsmiljéns betydelse i 
detta sammanhang vantar pa sin lésning. 

Om man slammar finska kvartdra leror i olika kornstorleksfraktioner 
och underséker fraktionerna med réntgendiffraktometer genom att 
anvanda orienterade preparat, konstaterar man litt, att (001)-glimmer- 
reflektionen som vantat ar tydlig och stark 1 alla fraktioner och bredare 
i <1 w-fraktionen an i mjalafraktioner, men (002)-reflektionen dr 
ytterst svag eller ofta helt fattas. Man ar van att i en svag (002)- och 
en stark (001)-reflektion se ett tecken pa att glimmermineralen ifraga 
hellre tillh6r den trioktaedriska biotittypen ain den dioktaedriska 
muskovittypen, dvs. den normala illittypen. Tyvarr kan man pa grund 
av andra stérande mineral icke upptacka (060) reflektionen som kanske 
kunde belysa saken. DTA:er av samma fraktioner visar, att den 
sakallade lermineraleffekten vid 400—600° C blir svagare med vixande 
partikelstorlek, och att sjailva effekten liknar den man dr van att se 
vid illitanalysen men ofta ar skarpare och nar sitt maximum vid nagot 
lagre temperatur (dvs. vid ca. 535° C) an den normala illiteffekten. 
Dessutom kan man ej patraffa nagon tydlig endoterm effekt vid 800— 
850° C, som ar karakteristisk for normala illiter och muskovitderivat, 
men ej férekommer vid DTA:er av vittrad biotit (Soveri, 1950, s. 49). 
Savitt bekant har ingen hittills publicerat DTA-kurvor av triokta- 
edriska illiter, s& vi kan ej riktigt tolka DTA-kurvorna pa denna 
punkt. DTA:er har ocksa visat, att »illitmodifikationeny 1 mjalafrak- 
tionen av finska leror ligger ganska nara vanlig glimmer som tycks 
likna biotit, om man nu ej rattare kan kalla den glimmer. Det fére- 
faller markvardigt, att man skulle ha rikligt med trioktaedriska illiter 
i finska leror, aven om det faktiskt synes férhalla sig sa. Det vore 
vart att forséka fa nagon klarhet i denna fraga genom biattre analys- 
teknik och genom allmingeologisk forskning. 

Sédra och sydvastra Finlands djupvattenleror tycks innehalla mera 


64 U. SOVERI [Jan.—Febr, 1957 


illit an mellersta och éstra Finlands lagvattenleror aven om man eli- 
minerar betydelsen av kornstorleksvariationerna. Det tyder pa att en 
langre sedimentationstid kan ha sin betydelse for glimmeromvand- 
lingen till illitstadiet. 

Det har varit ett mycket svart lermineraldiagnostiskt problem att 
avgéra om Finlands kvartira leror innehaller montmorillonoider, klo- 
riter, vermikulit och kaolinmineral, da de némnda mineralen stér 
varandra savil i réntgendiffraktionsanalyser som i DTA. Betraffande 
montmorillonoider ar saken kanske enklast, men langt ifran alldeles 
klar. Finska lerors grévre fraktioner visa ingen gitterexpansion 1 rént- 
genanalys efter etylenglykolbehandling, men den finaste fraktionen 
med partikeldiameter < 1 w visar en svag tendens till fri gitterexpan- 
sion, dvs. att 14 A-reflektionen blir bredare och diffusare mot sma 
vinklar utan att dock helt eller delvis éverga till 17 A. Upphettning 
till 200° C férorsakar en vasentlig minskning i 14,5 A-reflektionens 
intensitet, vilket stimmer med montmorillonoiderna men ej riktigt 
med vermikulit. Den nimnda minskningen i 14,5 A-reflektionens 
intensitet kan man dock iakttaga ej enbart vid finfraktionernas analys 
utan i néstan samma procentuella maingd aven vid analysering av 
grova (mjila-) fraktioner som ej ge nagon som helst etylenglykoleffekt. 
Vi har alltsa problemet: vilket ar det kanske mest betydelsefulla mine- 
ralet i kvartiara leror. Tillhér det vermikulittypen eller den expansiva 
montmorillonoidtypen? Den ar sannolikt ett vermikulittypiskt mineral, 
som i sin finaste partikelfraktion har expansiva egenskaper pa grund 
av intensiv urlakning. Den relativt laga jonutbyteskapaciteten tyder 
pa samma sak. Men hurudan ar och varifran harstammar da den 
tamlgen valkristallina vermikulitmodifikation som ager montmorillo- 
noidernas dehydrationsegenskaper, men vermikulitens icke fritt expan- 
siva gitter? Stephen (1952) och Walker (1949) har visserligen forklarat, 
att biotitomvandlingen kan resultera i vermikulit i vissa jordarter, 
men det synes svart att forsta, att vermikuliten ifraga forekommer i 
sadana grova fraktioner dar glimmermineralen dr ndéstan oomvandlade. 
Mineralet ifraga kan kanske harstamma fran pre- eller interglaciala 
formationer, ty samma mineral har patraffats i talrika preglaciala 
vittringslager i norra Finland. Om denna asikt vore riktig, kunde 
man kanske betrakta halten av detta mineral som en indikator pa 
den glaciala erosionens avnétande kraft, niér man gor stérre jamfo- 
rande regionala undersékningar. 

Ett intressant faktum ar, att nastan alla undersdkta finska kvartira 
leror innehalla fri klorit, och att kloriten ocks& ar en mycket allman 
komponent i blandskiktmineralen. I grévre fraktioner ir kloriten val- 
kristalliserad och paminner om de metamorfa bergarternas klorit ge- 
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nom att vattenavspaltningen sker i en temperatur hdgre dn 550° 0. 
Bade DTA:er och réntgendiffraktionsanalyser av upphettade preparat 
bestyrka detsamma. Analyserna av de finaste fraktionerna dairemot 
visa en tydlig tendens till lagre kristallinitet hos kloriten, eller att 
kloritmodifikationen i némnda fraktioner har lermineralkaraktiar. Den 
motsvarar en modifikation som Grim och Johns (1954) identifierar 
genom att vattenavspaltningen fran kloritens brucitlager sker redan 
mellan 450 och 550° C. Lerklorithalten har liksom illithalten visat 
sig vara hégre 1 kustomradets djupvattenformationer 4n i inlandets 
lagvattenleror. Kloritens omvandling till lermineralstadiet tycks alltsa 
bero pa urlakningsintensiteten men troligen ocks& pa sedimentations- 
miljén. 

Blandskiktmineral som kan identifieras genom réntgenreflektioner 
mellan 10,5 och 14,5 A patraffades i alla undersékta finska kvartira 
leror och i alla kornstorleksfraktioner av dessa leror. Reflektionen har 
visat sig vara starkast vid 12,3 A och blandskiktskomponenter ar 
glimmer eller illit, vermikulit, lervermikulit och lerklorit samt vanlig 
ymetamorf klorit» liknande klorittyp. Allts’ samma lermineraltyper 
som man har patraffat som sjalvstindiga mineral i samma leror. 
Blandskiktmineralens komponenter har visat sig vara mindre om- 
vandlade till lermineralstadiet i grova kornstorleksfraktioner 4n i fina 
fraktioner. Varifran de kvartara lerornas blandskiktmineral harstam- 
mar och hur de bildas, ar en tillsvidare olést fraga. Man kan bara 
ndmna, att en réntgendiffraktionsanalys av vissa granitbergarters 
glimmermineral visar, att vara bergarter innehalla betydligt mera 
blandskiktmineral én vad man har kunnat ana i forvag. Denna fraga 
om blandskiktmineral kan saikert belysas med mineralogiska analyser 
av preglaciala vittringslager och analyser av mordner samt med nar- 
mare undersékningar av vara bergarters glimmermineral. Kaolingrup- 
pens mineral tycks ej forekomma i namnvarda mangder i finska leror. 
Karbonat har patraffats endast i Alandsleror. 

Det har alltsé visat sig, att variationerna i de finska kvartara leror- 
nas mineralsammansattning ar mycket sma om man betraktar bara 
mineralgrupperna, men om man tar hansyn till mineralmodifikationerna 
och till mangdforhallandena av olika modifikationer, sa ar forhallandet 
ett annat. Man har t. ex. konstaterat, att lerorna pa glimmerskiffer- 
omraden i Karelen i vissa kornstorleksfraktioner innehaller mycket 
mera glimmer- och illitmineral an lerorna pa granitomraden. Dessutom 
har man konstaterat, att djupvattenslerorna vid kustomraden, som 
ofta har genomgatt en dubbel sedimentering, innehaller langre om- 
vandlade lermineralmodifikationer an lagvattenlerorna i mellersta 
Finland. 

5—573060. G. F. F. 1957. 
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Diskussion 


B. Cotxrni papekade bl. a. det anmiarkningsvirda i att illitens 001-interferenser i de 
presenterade diffraktionskurvorna genomgdende synas visa i stort sett samma profiler 
oberoende ay den undersokta fraktionens kornstorlek. Detta ar svart att bringa i 6ver- 
ensstiimmelse med féredragshallarens uppfattning att glimmern i mjalafraktionen skulle 
vara mindre omvandlad an i finare fraktioner. 


Om apparatfragan vid automatisk granulo- 


metrisk analys. 
Av 


T. HaGERMAN? 


Abstract: For measurement and statistical investigation of such properties as the 
parameters, surface and shape of the projection of fine particles and pores respectively 
in the section of a solid, automatic instrument is required which can be further developed. 
On proposal of the author design work for such an instrument limited to measurements 
of the length and width of sediment particles has been carried out for several years at 
the Royal Institute of Technology, Division of Electrical measurements. The system 
of an electronic investigator including a television tube for analysing and a computing 
machine is recommended. Provided that it will be possible to apply the instrument to 
a great many fields the development and completion thereof should interest not only 
researchers but various industries as well. 


Vid denna férenings méte i maj 1951 hade jag, i ett foredrag om 
kornstorleksbestaémningar, tillfalle att beréra olika ma&tningsmetoder 
for saval konsoliderade som lésa kornmassor. Genom tidigare under- 
sdkningar har ocksa framkommit att bestaémning av relativbredden 
hos friliggande kvartskorn, erhallna fran digererade sediment, ger till- 
rickliga argument for klassificering av sedimentets genetik. Férfaran- 
det innebar miétning av kornprojektionens lingd (1) och bredd (b) 
och fordelning av parameterférhallandet b/1 efter storleksargumentet 1. 
Sadana diagram ha publicerats bl. a. av Hagerman och Borell (1954) 
och Weigh (1956). Da visuella matningar ar mycket kravande och 
tidsddande har det varit nédvandigt att pa omradet fa fram en metod- 
forbattring. En foérsta sadan forbattring genomférdes vid tillimpandet 

1 Anfoérande vid Svenska féreningens fér lerforskning sammantrade i Stockholm den 


20 november 1956. 
* Hagermans Konsultationsbyra, Stockholm. 
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av ett mikrometerskruvsystem enl. princip fran Skogsférsdksanstalten, 
som fér detta speciella fall omkonstruerades. Med denna anordning 
mattes Hogandsmaterialet, som blev fardigt 1953. Nagot tidigare hade 
pa mitt foranstaltande, med hjilp av statligt forskningsanslag, utred- 
ningar gjorts 6ver méjligheten att konstruera en helautomatisk granulo- 
meter for detta andamal. Som sakkunniga verkade har doc. S. Kruse 
och ing. A. Zebrowska vid avdelningen for Elektrisk Matteknik, KTH. 
Arbetet mynnade ut i tva forslag. 

A) Ett mekaniskt undersékningsdon med fotocell som analysator. Jfr. 

Hagerman och medarbetare (1951). 

B) Elektroniskt undersékningsdon med televisionsrér som analysator. 

I bada fallen skulle resultaten féras in och behandlas i ett rikne- 
verk, som narmast dr att likna vid en enkel matematikmaskin. 

Nar denna forsta utredning var avslutad bedémdes sedan kostnaden 
for byggnad av ett funktionsdugligt instrument till omkring 70 000 kr. 
De férsék som gjordes att genom statligt forskningsanslag sdka finan- 
siera denna konstruktion, ledde ej till resultat. Vi sdkte da istallet att 
med smdarre anslag och institutionsarbete utveckla vissa vasentliga 
delar av system B. Man kan saga, att genom den allmanna utveck- 
lingen pa televisionens omrade och med serietillverkning av sadan 
utrustning blev tiden alltmer mogen for tillampandet av detta senare 
system. Det ar aven p. g. a. stérre snabbhet att foredra. 

Svarigheter att finna intressenter har i Sverige for det exklusivt 
geologiska instrumentet hade dven fort mig in pa tanken att se mer 
allmant pa problemet. Sedan lange har vid Hagermans byra atskilliga 
mikromatningsarbeten utférts for industrin avseende metallpulver, 
fargpigment, kalk, slipmedel, filler m. m. Likasa hade mikromatningar 
av porer i byggnadsmaterial utforts, tegel, betong m. m. Battre preci- 
serade bestémningar av kornform och kornstorlek for saval cement- 
partiklar som keramiska ravaror ar saikert ocksa av betydelse for 
berorda industrier. 

Vi stallde oss darfér den fragan om det ej vore riktigare med prin- 
cipen att instrumentet pa lang sikt framfor allt borde utvecklas att 
kunna tjina si manga uppgifter som méjligt, saval avseende material 
som storheter att bestdémma. 

Matningsuppgiften kan ibland vara enklare dn den forut omnémnda, 
t. ex. endast avse bestaémning av lingden eller gilla en »linjetaxering» 
av ett antal dispersa korn (porer) pa en yta. 

Uppgiften ar ibland eventuellt mer komplicerad, och avser matning 
av t. ex. kornprojektionens yta, av en 3:e dimension, sarskiljandet av 
partiklar med olika transparens, egenfarg eller olika artificiellt fargade 
partiklar, klassning av rundningsgrad, m. m. 
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Troligen faller vissa sidana bestémningar helt utanfor vad som 
rimligtvis bor goras till foremal for fullstandig automation. 

Liksom vid en befolkningsundersékning bér den barande synpunk- 
ten vara att snabbt fa fram ett stort statistiskt underlag. Varje mat- 
ningstyp blir behaftat med sina fel, som kan behéva undersékas. Fragan 
ar bara om felet kan tolereras vid, lat oss siga, en viss drifts- eller 
produktionskontroll 

En vasentlig sak i samband med konstruktionen ar behandlingen 
av skilda storleksklasser, d. v. s. forstoringsfragan. F6r partiklar finare 
ain ca 10—20 uw, blir samtidigt dispergeringsfragan allt mer dominerande, 
Sandundersékningarna behéver knappast besvaras av dispergerings- 
fragan, vilket daremot blir fallet vid finkornigare sediment och vid 
manga tekniska undersdkningar. 

Fotografisk upptagning och aven elektronmikrofoton kan alltid géras 
till lamplig mattskala, dir sa kan vara behdvligt. Filmen kontrolleras 
med avseende pa kontrastverkan och objektets dispergering, och 
eventuella misslyckanden bortklippas. 

Ett mycket omfattande arbete drivs utomlands pa granulometer- 
konstruktionens omrade. Detta manifesterades 1 den virldskonferens 
som »Institute of Physics» ordnade i Nottingham 1954. Dar forekom 
bl. a. en avdelning »Automatized counting and sizing: Photoelectronic 
machines». 

I Sverige disputerade C. Lagercrantz (1952) pa teorin for individuell 
antalsrikning av mikroceller pa fotoelektrisk vig och presenterade 
en apparatkonstruktion. 

Fil. kand. A. Hornsten och fil. lic. N. Marklund, Mineralogisk-geo- 
logiska Inst. Uppsala, arbetar sedan foregaende ar, under bidrag fran 
statligt forskningsanslag, med en férbattrad metod for samtidig mine- 
ralogisk och granulometrisk analys i mikroskop. Hr. Hérnsten har 
valvilligt lamnat uppgifter om ifragavarande arbeten och sin litteratur 
i arendet. 

Utrustningen avser dels 1) ett matokular med diafragmasystem eller 
punktsystem for dimensionsbestaémning och dels 2) en registrerings- 
apparatur, baserad pa reldésystem (samtalsriknare) samt mdjlighet till 
graderad klassning, samt kollning av resultaten. Fér raikneverkskon- 
struktionen svarar laborator Aberg, FOA. Hérnsten kommer i diskussio- 
nen att lamna ytterligare uppgifter om sitt instrument. 

En vasentlig skillnad mellan Hornsten—Marklunds anordning och 
den av oss foreslagna ligger i att den forstnamnda saknar mdjligheten 
till mitoperationens helautomatiska utférande. A andra sidan behévs 
den i sddana fall dar visuell bedémning dr nédvandig. 

Mitt anforande i dag syftar till en aktion for att bygga ett funge- 
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rande sadant instrument har i landet och i férsta hand att sdka fa 
fram battre villkor under vilka KTH, avd. fér elektrisk matteknik, 
kan agna sig at denna viktiga fraga. For planerna att komplettera 
forefintliga delar till granulometern och sammanstilla dem till ett 
matningsdugligt organ har civ.ing. Ake Bengtsson lovat redogora. 

Min mening ar nu att sdka samla sa manga som méjligt av dem 
som kan ha intresse av att arbete utféres pa detta omrade och efter 
alla de linjer som synes ge méjlighet till allmangiltig behandling av 
ifragavarande uppgifter. 

Finansieringsproblemet kan ej vara av den storlek, att Sverige ej 
skulle ha rad att folja med pa detta mycket stora och mycket betydelse- 
fulla omrade. 
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Automatisk rakning av antalet partiklar och 


partikelstorlek.} 
Av 


Axe BEncTsson? 


Abstract: The problem of measuring the number and size of fine particles is ubiquitous. 
Frequently, the only practicable method is by visual counting of the particles under 
the microscope, but this is tedious. Several methods are already under development by 

which a machine replace the human observer. In most cases the particles are scattered 
at random over a given area. A quite simpler problem of counting arises if the particles 
can be passed through the detecting device one at a time in an orderly row. Many 
ingenius ways of overcoming the difficulties are discribed or proposed in the literature. 
A brief description of the different methods are given. 


Den automatiska rakningen av storleken och antalet partiklar har 
under de senaste aren undergatt en kraftig utveckling. Helt nya metoder 
ha inforts. Erfarenheterna fran televisionstekniken utnyttjas. Speciellt 


1 Autoreferat av foredrag vid Svenska féreningens for lerforskning sammantride i 


Stockholm den 20 november 1956. 
2 Inst. f. elektrisk matteknik, Kungl. Tekniska Hégskolan, Stockholm. 
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ha engelsmannen lagt ner mycket arbete pa undersdkningar av kol- 
partiklar. Aven inom medicinen finnes stort intresse for rékning av 
blodkroppar och celler. Ar 1954 ordnades en konferens av the Institute 
of Physics vid University of Nottingham. Erfarenheterna fran denna 
konferens aterges i British Journal of Applied Physics 1954, supplement 
no. 3. I det foljande skall géras ett forsdk till en 6versikt av problem- 
stallningen och de foreslagna lésningsmetoderna. 

Vid nastan alla partikelproblem ar det en fraga om en undersékning 
av ett stort antal partiklar. Vi vilja veta totala mangden och den 
relativa storleksférdelningen, formen och sammansattningen nar det 
finns mer 4n ett slags partiklar. Dessa undersdkningar maste med 
nodvandighet bli tidsédande, om de utforas visuellt, t. ex. med hjalp 
av mikroskop. I allmanhet néjer man sig da med ett slumpartat valt 
prov, vilket anses vara karakteristiskt for hela »populationen». Med 
automatiska metoder skulle man kunna undersdéka stérre prov och 
aven nedbringa undersdkningstiden. 

Redan pa ett tidigt stadium fdreslogs metoder som utnyttjade en 
frammatning ay en partikel 1 sinder pa mikroskopets objektbord, 
varvid ljuset fran en projektionslampa via mikroskopet paverkade en 
fotocell. Harvid maste man tillse att kontrasten mellan partikeln och 
omgivande medium ar tillrackligt kraftig. Allt efter partikelns storlek 
dkas eller minskas ljusméingden som traffar fotocellen, vars strém 
efter limplig forstirkning tages som ett matt pa partikelytan. Nasta 
steg 1 utvecklingen bestod i att ljusstralen koncentrerades till ett smalt 
ljusband som svepte éver mikroskopets bildfalt. I gransfallet koncentre- 
rade man Jjusstralen till en punkt som fick utféra flera parallella svep 
dver bildfaltet. Detta svep ordnades pa mekanisk vag pa sa satt att 
objektbordet kontinuerligt roterades, varvid partikeln frammatades i 
en helixformad rérelse pa objektbordet. Ljuspunkten kom darvid att 
utfora en serie parallella svep 6ver partikeln med ett konstant avstand 
mellan varje svep. Varje gang ljusstralen skar partikeln Andrades 
fotocellens strém och man fick ett antal pulser. Varje puls har en 


iL 
varaktighet t = ag dir 1 betyder partikelsekantens langd och v dr 


svephastigheten. I ett speciellt elektroniskt rikneverk summerades alla 


1 
pulstiderna T= Xt = hare Harav beriknas partikelytan A = T-v-e 


dar ¢ betyder avstandet mellan varje puls. Vid enbart partikelrakning 
kunde man antingen lata forsta eller sista pulsen styra rikneverket. 
Med speciella anordningar kunde man ven rakna flera partiklar som 
samtidigt befunno sig under mikroskopets bildfalt. Framfér allt ut- 
nyttjade man harvid dubbelstraleprincipen. Med ett speciellt prisma 
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Svephastighet v —> 
Svepavstand = € 


n 


Fig. 1. Storleksbestaémning med hjalp av impulsvaraktighet tn = oa 


I 
Partikelytan A =e-2In=e-v- vis =e-viitn 


uppdelades stralen i tva parallella ljusstralar som avsdkte bildfaltet. 
De bada stralarna reflekterades mot var sin fotocell. Rakneverken 
voro sa konstruerade att de ej gavo utslag vid koincidens. Nar dvre 
stralen skar partikeln for sista gangen gjordes en registrering endr 
den andra stralen, kontrollstralen, ej da gav nagon impuls. Flera me- 
toder utvecklades for att forhindra registrering av partiklar som endast 
deivis lago inom bildfaltet. Harvid tillimpades en uppdelning av ljuset 
i ett smalt band plus en punktformig kontrollstrale. Invecklade teorier 
for det oundvikliga registreringsfelet uppstilldes. I allmainhet behand- 
lade dessa teorier nagon enkel geometrisk partikelform, t. ex. cirku- 
lar yta. 

Experiment paga pa flera hall med forbittring av de visuella avsék- 
ningsmetoderna. Bland dessa kunna némnas de metoder dir man med 
hjalp av speciellt konstruerade irisblindare infor cirkulira ljusfalt pa 
bildfaltet. Med mekaniska anordningar kan det cirkulara ljusfaltets 
diameter varieras oberoende av férstoringsgraden samt aven dess lige 
i bildplanet forskjutas. Harvid ar tankegangen den att man skall 
valja en sidan diameter pa ljusfaltet att dess yta blir lika stor som 
partikelytan, d. v. s. ytorna A + B lika med C + D. Med hjalp av 
lampligt rakneverk, vilket ar uppbyggt i likhet med automatiska tele- 
fonvaxlar, kunna sedan partikelantal och storlek registreras. Storle- 
karna sorteras upp i bestémda klasser. Hirvid kan man aven rékna 
partiklar fran olika material och sortera upp dem i sina respektive 
klasser. Metoden torde kunna kombineras med de nedan beskrivna 


elektroniska avsékningsdonen. 
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Fig. 2. Storleksbestamning med hjalp av cirkulart bildfalt. Diametern d varieras tills 

ytorna A + B= C+ D. Avsédkningen sker manuellt. Utlésningsimpuls fran operatoren 

lamnar registreringsdonet uppgift om diametern d, varvid partikeln insorteras i ratt 
storleksklass. 


Mekaniska svep aro relativt langsamma. Man kan ej éka objekt- 
bordets rotationshastighet Over vissa grinser med hansyn till centri- 
fugalkraften och dylikt. Darfor blir svarigheterna med tillracklgt fin 
uppdelning av bildfaltet odverstighga. Ganska snart msag man meto- 
dens begransning och évergick till elektroniska svepdon. Det ar sjalv- 
klart att de mekaniska svepdonen aro anvandbara 1 begrinsade till- 
lampningar men de giva ej en allman losning av problemet. Nya till- 
verkningsmetoder har fort fram till televisionsrér, kamerarér, med 
mycket kraftig ljusstyrka. Bildskiérmen ar belagd med huvudsakligen 
fosfor och kan man numera tillata en belastning av storleken 1 MN/cm?. 
Denna héga belastning kan tillatas av den orsaken att elektronstralen 
endast tréffar varje punkt pa bildskiérmen under en mycket kort tid, 
av storleken mikrosekunder. Diarfor maste man kéra réren med hoga 
svephastigheter for att ej riskera. brianna sénder fosforskiktet. En 
alternativ lésning vore att sinka svephastigheten men endast avsoka 
bilden en gang var femte eller var tionde sekund eller varje gang 
operatoren ger utlésningssignal. Hiirvid skulle strémbelastningen pa 
fosforskarmen kunna ékas. Med kontinuerlig bildféljd kan man numera 
komma upp i bildfrekvenser pa 6ver 100 000 bilder/sekund. 

Vid den elektroniska avsdkningen anvandes ett mikroskop och ett 
katodstralerér. Anordningen kallas oftast for »flying-spot mikroscope» 
(Roberts and Young 1952 a—b, Walton 1952). Katodstralerérets ljus- 
flack utfor en serie svep d6ver bildskdérmen enligt samma metoder som 
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tillimpas i televisionsrér. Speciella svepdon avlanka elektronstralen 
med konstant hastighet i x-led och samtidigt med konstant hastighet 
1 y-led. Svephastigheten i x-led ar 250—1000 ganger stérre an i y- 
led. Bilden uppdelas darigenom i 250—1 000 linjer. Nar hela bilden 
avsokts upprepas férloppet. Med bildfaltets dimensioner 50 x 50 mm 
skulle man saledes fa 5—20 linjer per millimeter. Bildfrekvensen viljes 
forslagsvis 60 bilder/sekund. Fér narvarande synes det ej vara nagon 
fordel att dka bildfrekvensen. Méjligheter hartill finnas om sa skulle 
visa sig nédvandigt vid de fortsatta undersékningarna. I forsta hand 
maste partikelframmatningen lésas pa ett tillfredsstillande satt. 

Nar ljusstralen passerat genom mikroskopet och bildfaltet, ar dess 
intensitet i varje dgonblick beroende ay bildfaltets genomslappnings- 
formaga i den punkt ljusstralen befinner sig. Ljusstralen far sedan 
belysa en fotomultiplikatorcell. Fotocellens anodstrém varierar med 
ljusstralens intensitet. 

Flera forskare ha forsdkt losa rakneproblemet pa sd satt att ljus- 
stralen utfores i form av ett smalt ljusband, slits, som utfor flera 
parallellforskjutna svep dver bildfiltet. Varje svep belyser saledes en 
val definierad yta. Man kan da rakna antalet ganger som slitsen ar 
helt eller delvis avskérmad av en partikel som passerar forbi slitsen 
och aven mata amplituden och varaktigheten. Emellertid komma en 
del partiklar att endast delvis 6verlappa svepytans kanter. Det kan 
aven intraiffa att mer an en partikel samtidigt skires av slitsen. M. Le 
Bouffant och M. Soulé ha visat att det finns ett optimalt varde pa 
slitsens langd vid olika intensitet 1 provet, som ger ett minimum pa 
felet varvid randfelen och felen vid koincidens fran flera partiklar 
taga ut varandra. 

Vid rakning av blodceller ha Cooks-Jarborough och Whyard (1954) 
tillampat en annan metod. Om slitsens langd ar x, réknas alla partiklar 
vars centrum ligger mellan tva parallella linjer pa avstandet x + d 
dar d ar partikelns diameter. Upprepas rakningen med en annan lingd 
x, pa slitsen raknas alla partiklar vars centrum ligger mellan linjerna 
med avstandet x, +d. Skillnaden mellan dessa bada rikningar ger 
antalet partiklar som ligga inom ett band med bredden x, — x, obe- 
roende av partikelstorleken d. Man kan sedan gora en statistisk korrek- 
tion fér koincidenta skarningar om alla partiklar ha ungefér samma 
storlek. Nackdelen med denna metod dr att varje rakning med en 
bestamd slitslingd x ar behaftad med ett statistiskt fel. Vid differens- 
rikning med tva olika slitslingder maste man addera felen vid bada 
matningarna for att fa felet vid differensrakningen. 

_ Det synes vara laimpligare att fokusera ljusstralen till en punkt 
vilken far utféra ett antal svep 6ver bildrutan. Harvid kan ljusstralen 
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Fig. 3. Multipelrikning av partikel med inbuktningar. 


endast skdra en partikel 4t gangen. Randfelen och koincidensfelen 
elimineras. I stallet uppsta svarigheter av annat slag. Varje partikel 
blir nu uppdelad i ett antal parallella linjer. Vid partikelrikning skall 
endast en av dessa linjer rékuas. Dessa linjers lingd ar ej direkt ett 
matt pa partikelns storlek. Linjelangden blir beroende av om skar- 
ningen intraffar naira kanterna eller pa mitten. Man kan aven fa tva 
eller flera dellinjer tillhérande samma partikel 1 ett och samma svep 
om partikelkonturen ar starkt inbuktad. Infores en kontrollstrale, 
vilken forskjutes ett svep nedat, far man tva samtidiga impulser, 
varvid kontrollstralens impuls sparrar raikneverket. Foérst nar man 
natt ned till partikelns undre kant ges impuls till rikneverket enir 
kontrollstralens impuls da uteblir. Den i figuren visade konturen skulle 
ge upphov till tva registreringar niér man passerar utbuktningarna A 
och B medan utbuktningen C férst ger rikneimpuls i nasta svep. 
Denna partikel skulle saledes ha riknats som tre partiklar. Detta ar 
en svaghet 1 metoden. Mera haérom nedan. 

En annan metod, avsedd for bestémning av storleksférdelningen, 
beskrives av W. K. Taytor (1954). Han anvander sig aven av enkon- 
trollstrale. Impulserna fran fotocellen forstarkas och avklippas s& att 
man far rektangelpulser med konstant amplitud. Nar stralen utfor 
svep 1 gér kontrollstralen svep 2. Vi fa da en rektangelpuls enligt 1,. 
Samtidigt startas en pulsgenerator som ger en impuls med instiillbar 
varaktighet nt. Dessa bada pulser styra en andra pulsgenerator vilken 
ger en puls med varaktigheten t,— nt. Denna impuls differentieras 
och ger de bada pulserna A, och A,. Pulsen A, startar ett uppladd- 
ningsrér som laddar en kondensator. Pulsen B, slicker uppladdnings- 
roret och urladdar kondensatorn. Samma sak giiller for kontrollstralen. 
Dess férsta impuls A, blockerar rikneverket och dess andra impuls 
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Or 


Bd 79. H.1] sveNnsKA FORENINGEN FOR LERFORSKNING 


Registrerad yta 


nM FWwWhHD a 


Fig. 4. Storleksbestimning med hjalp av kontrollstrale och kontrollimpuls med instiillbar 
varaktighet. Endast partiklar med dimensioner stérre an nt registreras. 


B, slicker uppladdningsréret, varigenom en impuls till raikneverket 
foérhindras. Skulle impulsen nt ha stérre varaktighet an t, hander 
ingenting. Férst nar kontrollstralens impulser A, resp. B, uteblir gar 
den uppladdade kondensatorns spanning vidare till rakneverket och 
partikeln raknas. Valjes olika viarden pa pulslingden nt, fas raékning 
av de partiklar vars dimensioner dro stérre an nt och saledes har man 
en mojlighet till bestémning av storleksfordelningen. 

Flera olika férslag till »minnessystem» ha aven framforts, vilka direkt 
skulle ange antalet partiklar och deras storlek. Utrustningen forses med 
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Fig. 5. Blockschema for automatisk granulometer. 
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ett antal minneskanaler. Nar stralen férsta gangen skir en partikel 
inkopplas en ledig minneskanal och impulsens varaktighet registreras, 
Nar svepet nasta gang skiér samma partikel inkopplas ater minnes- 
kanalen och registreringen fortsitter. Detta system forutsitter ett 
relativt stort antal minneskanaler. Med hjilp av transistorer torde 
dessa minneskanaler kunna nedbantas till relativt sma dimensioner. 
En annan méjlighet ar att utnyttja magnetiska minnen vilka genom- 
sékas samtidigt med nastféljande svep och darmed ger limpliga im- 
pulser for registrering av antalet, (vid utebliven koincidens), resp. 
storleken genom att vidarebefordra den féregdende impulsen till en 
impulsvaraktighetsmiatare. 

Flying-spot-mikroskopet kan utan vidlyftiga anordningar utféras for 
visuellt atergivande av bildfiltet med hjalp av ytterligare ett tele- 
visionsrér vars svepdon styres av flying-spot-rérets svepdon. Impul- 
serna fran fotocellen intensitetsmodulera elektronstralen varvid man 
far en televisionsbild ay det avsdkta bildfaltet. Har kan man infora 
extra spanningsimpulser, vilka é6ka intensiteten varje gang en impuls 
infores i rakneverket. Harigenom far man en visuell kontroll av rakne- 
verket och kan utféra erforderliga korrektioner for eventuell dubbel- 
rakning. Ett speciellt mandverdon blockerar rékneverket och infor 
rakneimpulserna efter den visuella kontrollen. Denna televisionsbild 
av bildfaltet kan aven utnyttjas for demonstration av undersoknings- 
materialet vid undervisning m. m. 
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En ringspaltsikt for bestamning av 
kornstorleksférdelning' 


Av 


Karu-Ivar SKARBLOM? 


I samband med vissa pulvertekniska forskningsuppgifter, varvid det 
bl. a. gillde for mig att utexperimentera framstallningsmetoder for 
sjalvrinnande pulver med reproducerbara egenskaper ifraga om volym- 
vikt och rinnférmaga, var det 6nskvart att fa fram en snabbare, nog- 
grannare och mindre materialkrivande metod for bestaémning av korn- 
storleksférdelningen 4n den vanliga siktningsmetoden med metall- 
tradssiktar. Dessa stravanden ledde till utarbetandet av ringspaltsikten, 
vilken kommer att ndrmare beskrivas i det féljande och som nyligen 
patentsokts. 


Ringspaltsiktens konstruktion 


Fig. 1 visar en vertikal genomskirning och en vy ovanifran av sikten. 
Anordningens verksamma organ kan betecknas som ett skiljebord, 
som, bestar av en cirkulir skiva (1), vilken langsamt roterar kring en 
axel genom punkten (©,, och en likaledes cirkulir och med samma 
varvtal och 1 samma riktning som skivan roterande ring (2) utanfor 
skivan (1). 

Ringens inre diameter ar nagot stérre an skivans diameter. Ringen 
ar excentriskt lagrad i forhallande till skivan (dess rotationsaxel gar 
genom punkten C,), sa att den tangerar skivan i en punkt, varigenom 
en manskareliknande spalt bildas mellan ringen och skivan. Skivans 
kant och ringens innerkant aro fasade, sa att spalten begransas av 
tva mot varandra riktade eggar med sina spetsar i samma plan. 

I omedelbar férening med skivan och koncentriskt under densamma 
befinner sig dess axel (5) med remskivan (7) fastdragen med muttern 
(8). Axeln ar lagrad i ett stativ (6), pa vars dverdel aven ringen ar 
lagrad. Ringen drives runt medelst en pa skivan anbringad med- 
bringare (3) och en tapp (4) pa ringen. 

Under spalten, med sina mittpunkter i spaltens mittlinje, finnes en 
serie hal borrade i stativet (6). Halen aro upptill trattformigt urfrasta, 


* Autoreferat av foredrag vid Svenska féreningens for lerforskning sammantride - 
Stockholm den 20 november 1956. 
2 Forsvarets forskningsanstalt, Stockholm. 
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Fig. 1. Ringspaltsikt. 


sa att skarpkantade asar skilja halen fran varandra, varigenom dessa 
isar tjanstgora som fraktionsdelare. Mot halen korrespondera vertikala, 
garallella urborrningar (rér) i en halvcylindrisk kropp (9) av ett genom- 
iktligt material, kallad fraktionssamlare. De némnda apparatelemen- 
en aro monterade pa en gemensam bottenplatta (10), som i sin tur 
ir fixerad pa en vibrator, som férsatter skiljebordet i vertikala vibra- 
loner samtidigt som det roterar. 
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Ringspaltsiktens verkningssatt 


Det pulverformiga material, vars kornstorleksférdelning skall be- 
stammas, tillféres fran en mitt Over spaltens tangeringspunkt anbragt 
matareanordning, vars uppgift 4ven ar att separera de enskilda kornen 
fran kontakt med varandra. Fran tangeringspunkten transporteras 
kornen pa grund ay rotationen i riktning mot den diametralt motsatta 
max. punkten, dar eventuellt forefintliga korn med stérre storlek an 
som motsvarar spaltvidden har, foras upp ur spalten och avlagsnas 
medelst ett snett i spalten infort litet metallbleck. Genom vibreringen 
bringas kornen att orientera sig med tyngdpunkten sa lagt som mojligt, 
vilket bidrager till en god reproducerbarhet hos kornstorleksanalysen 
med denna anordning. Pa sin vag mot allt stérre spaltvidder finner 
varje korn till slut en spaltvidd, som svarar mot dess kornstorlek, 
matt i spaltens tvarriktning, och faller da genom spalten ned 1 ett ror 
i fraktionssamlaren. 

Da siktningen pagatt en viss tid, kan man i fraktionssamlaren direkt 
iakttaga, hur kornen alltefter sin storlek férdelas pa de olika réren. 
Man erhaller pa detta satt omedelbart ett stapeldiagram (histogram) 
éver kornstorleksférdelningen, och man kan fortsitta att bygga upp 
detta, tills den stérsta fraktionen helt fyllt upp motsvarande ror i 
fraktionssamlaren. For jamfo6rande undersékningar ar ett sadant dia- 
gram tillrickligt upplysande. Vill man aven ha ett stapeldiagram, som 
anger viktsfordelnmgen 6ver de mot varje fraktion (rér) svarande 
kornstorleksintervallen, anvander man en fraktionssamlare, diir varje 
ror nedtill ar forsett med en miniatyrkran, genom vilken roérets inne- 
hall kan témmas och vagas, sedan fraktionssamlaren har lésgjorts 
fran bottenplattan och placerats 1 ett lampligt stativ. Fraktionssam- 
laren kan aven utformas sa, att ringspaltsikten kan drivas kontinuerligt 
under obegréansad tid och stérre mangder av énskade fraktioner kunna 
uttagas ur ett material for experimentella andamal. Ror borras eller 
rannor frisas da 1 ett halveylindriskt block, sa att de riktas snett 
nedat-utat och fa fria utloppséppningar, under vilka placeras utbytbara 
provrér eller 6ppna rér nedtill férbundna med slangar, som leda ned 
1 burkar. 


Samband mellan spaltlingd och spaltvidd 


ay 


Med de i fig. 2 angivna beteckningarna och beteckningen k = — 
ay 
som forhallandet mellan skivans och ringens radier (eller diametrar), 


kan man for spaltvidden x med hjalp av kinda trigonometriska satser 
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Fig. 2. Ringspaltsiktens geometri. 


for trianglar litt harleda x som en funktion av centrumvinkeln 9, 
som ju star i direkt forhallande till spaltlangden. Ar max. spaltvidden 
liten i férhallande till skivans och ringens diametrar, erhAlles foljande 
enkla formel: 
1—k 
i (1 + cos ¢) 


varvid x betyder spaltvidden i forhallande till skivans diameter. 
Man kan, sasom fig. 1 visar, géra fraktionsdelaren och fraktions- 
samlaren likavstandiga och harur samt ovanstaende formel beraikna 
kornstorleksintervallet for varje ror. Man kan ocksa beraikna och 
konstruera fraktionsdelaren och -samlaren sa, att varje fraktion kom- 
mer att motsvara ett konstant kornstorleksintervall (t. ex. 0,1 mm). 


Anvandbarhetsomrade 


En undre grans fér ringspaltsiktens anvandbarhet for kornstorleks- 
analys sittes av det pulverformiga materialets egenskaper och mat- 
ningsanordningens formaga att separera isér de enskilda kornen. En 
évre grains finns principiellt inte, men 4 andra sidan gar den vanliga 
siktningen pa metalltradsnat raitt snabbt, nar kornstorleken éverstiger 
nagra mm, och kravet pa tata intervall pa kornstorleksférdelnings- 
kurvan ar vanligen inte heller sa stort vid sadana kornstorlekar. 


Drivsatt for skiva och ring 


Fig. 3 visar, hur med utgangspunkt fran spaltens tangeringspunkt 
korresponderande punkter pa skivan och ringen forflytta sig 1 forhal- 
6—573060. G. F. F. 1957. 
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Fig. 3. Rorelsesitt for ringspaltsikten. 


a. Samma vinkelhastighet hos ring och skiva. 
b. Ringen drives av medbringare pa skivan. 


lande till varandra, dels om ringen och skivan drivas med samma 
konstanta vinkelhastighet, dels om medbringare pa skivan driver 
ringen. I férra fallet uppkommer som synes en férskjutning mellan 
de korresponderande punkterna, vilket eventuellt kan leda till en 
krossning av kornen eller en slitning av spaltens sidor. 


Matningsanordningen 


Fig. 4 visar en sammanstallning av hela apparaturen for kornstorleks- 
bestémning enligt det nya foérfarandet. Provet fylles i den lodratt 
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Fig. 4. Ringspaltsikt med matareanordning. 


monterade tratten (21), varvid endast obetydliga mangder rinna ut 
| den snett monterade tratten (22). Inte férrin denna medelst den 
illa synkronmotorn med utvaxling (24) och snortrissorna (25 och 23) 
Orsattes i langsam rotation rinner pulver ur tratten (21) och vidare 
yenom pipen pa tratten (22) ned genom den fasta tratten (26) till 
ribratorrannan (28), som paverkas av den reglerbara vibratorn (27). 
Vibratorrannan mynnar éver tangeringspunkten hos spalten till ring- 
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Fig. 5. Exempel pa kornstorleksanalys med ringspaltsikt. Pyroteknisk sats, tabletterad 
krossad och utsiktad mellan 600 och 80 yw (28 resp. 200 mesh). 


spaltsikten (29), som med tillhérande fraktionssamlare och bottenplatte 
ar placerad pa vibratorns (30) vibratorbord (31). Ifragakommand 
stativ for matningsanordningarna och drivmotorn till ringspaltsikter 
ha sasom varande av mindre intresse icke medtagits i fig. 4. 
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Sasom nimnts ar det fdr ringspaltsiktens riktiga funktionerande 
nodvandigt, att det pulverformiga materialet tillfores till siktspalten 
pa sdadant satt, att de enskilda kornen dro val Aatskilda. Detta kan 
astadkommas genom en langsam, till pulvrets kornstorleksomrade och 
rinnformaga val avpassad rotationshastighet hos den roterande tratten 
(22) och en till denna matningshastighet avpassad vibrering av vibre- 
ringsrannan (28) samt eventuellt genom en automatisk till- och fran- 
koppling av den roterande tratten. I stort sett galler, att matningen 
maste ske langsammare ju finare pulvret dr. 


Utvardering av kornstorleksbestamningen 


Fig. 5 visar som ett exempel pa kornstorleksbestamning med ring- 
spaltsikten en undersékning av en kornad pyroteknisk sats utford 
pa en spalt med max. vidd 2,00 mm och en spaltlangd av 200 mm. 
_ Denna sats har framstiaillts sa, att den efter blandning av komponenterna 
granulerats, pressats till tabletter,som krossats i en spindelkross, 
varefter ur krossmaterialet allt utsiktats mellan en sikt (28 mesh) 
med en maskvidd om ungefar 600 mw och en sikt (200 mesh) med en 
maskvidd om ungefdr 75 w. 

Det dvre diagrammet i fig. 5 visar den direkt avlista pulverhdjden 
i resp. ror i fraktionssamlaren som medelvarde av 3 bestémningar med 
ett och samma pulverproy. Varje fraktion har aven vagts, och i det 
undre diagrammet i fig. 5 har dels de olika fraktionernas mangd 1 
vikts-°%, dels den diremot svarande fordelningskurvan angivits, varvid 
abskissan ar delad i enlighet med spaltviddens verkliga andring med 
spaltlangden. Provmangden har varit ungefair 1 ml, motsvarande en 
vikt av ungefar 2,6 g. Pamatningstiden var ca. 35 min. for en be- 
staémning. 

Ofta nog kunna tillrackligt sakra resultat erhallas med mindre 
provmangder och darmed kortare pamatningstider, t. ex. om korn- 
storleksomradet ar mera begransat eller omfattar stérre kornstorlekar. 

Jag vill i detta sammanhang dven framféra mitt tack for vardefull 
hjalp till verkstadschefen vid FOA1 ing. P. Clementz och till min 
medarbetare civiling. C.-G. Setterqvist. 
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En apparatur med halvautomatisk registrering 
for mineralogisk-granulometrisk 
analys i mikroskop!? 


Av 


Axe HoOrnstEn? 


Abstract: At the Mineralogical-geological Institute of the University of Uppsala an 
apparatus is being constructed which permits half-automatical registration for combined 
mineralogical and granulometrical analyses by microscope. 

The apparatus consists of a new type of measuring eyepiece connected with a re- 
gistering apparatus via a keyboard with twelve push-buttons. The registering apparatus 
consists of more than a hundred electrical counters, connected in different ways, which 
permit registration of the frequencies of the different minerals at the same time as the 
grain sizes.of the respective minerals are registrated separately. With the help of the 
measuring eyepiece a transparent circular scale is projected into the field of view of the 
microscope. The size and the position of the scale can be varied continuously and arbi- 
trarily in the field. The scale is placed over the grain the size of which is to be measured, 
and is adjusted according to the size of the grain. Simultaneously an electrical contact 
device comes into action. A push-button on the keyboard, which corresponds to the 
mineral in question, is pressed and an electrical signal is conducted via the contact device 
to the registering apparatus to be recorded both in a counter which corresponds to the 
actual mineral and in another counter corresponding to a certain grain size of that 
mineral. 

Because of the circular form of the scale the measuring eyepiece can be used, in 
addition, for determination of shape and roundness and so on. 


Har nedan i korthet beskrivna apparatur har konstruerats for att 
astadkomma en metodfoérbattring pa den mineralogisk-granulometriska 
analysens omrade. Apparaturen bestar av ett nykonstruerat matokular, 
som ar forbundet med en registreringsapparat via ett tangentbord. 
Matokularet dr redan tillverkat och registreringsapparaten haller pa 
att monteras ihop. Denna bestar av ett relisystem med nagot dver 
hundra pa olika sitt sammanbundna rakneverk (Televerkets samtals- 
réknare). Fil. lic. Nils Marklund har ursprungligen lagt fram ett forslag 
till en registreringsapparats konstruktion, vilken jag vidareutvecklat 
i samarbete med laborator Ulf Aberg, som svarar for de elektrotek- 
niska detaljerna. 

Storleksbestémningarna sker pa sa sitt att i mikroskopets bildfalt 
projiceras in en transparent cirkular skala, vars storlek och lige god- 
tyckligt kan varieras. Denna inprojicering av skalan sker i matokularet 
i dess nuvarande utformning med tillhjilp av en snedstalld kompara- 
tionsplatta och en irisblindare. Matokularet kan anvindas till alla 
typer av mikroskop dir »normalay okular anvandes och 4r saledes 

1 Ett preliminirt meddelande vid Svenska féreningens fér lerforskning sammantride 


i Stockholm den 20 november 1956. 
2 Uppsala universitets mineralogisk-geologiska institution. 
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anvandbart till polarisationsmikroskop, malmmikroskop, mikroskop 
med utrustning fér faskontrast, mérkfiltsbelysning, variocolor m. m. 

Skalan forskjutes snabbt och bekvamt i x- och y-riktningarna genom 
vridning av tva rattar pa okularet och placeras dver den partikel, 
vars storlek skall mitas. Skalans storlek instiilles si att den dverens- 
stimmer med partikelns. Utfores nu enbart kornstorleksanalys, trycker 
man pa en knapp pa tangentbordet, varvid en elektrisk signal gar 
via okularet till registreringsapparaten (varje kornstorleksklass mot- 
svaras av en viss kontakt i okularet och ett rakneverk i registrerings- 
apparaten). Samtidigt inregistrerar ett totalrakneverk hur manga korn 
som réknats. Preparatet flyttas och proceduren upprepas. 

Utfores samtidigt mineralogiska bestamningar blir férfarandet fol- 
jande: Kornstorleken faststalles med tillhjalp av skalan och mineralet 
bestaémmes. En knapp motsvarande ett visst mineral nedtryckes pa 
tangentbordet och en signal gar via okularets kontaktanordning till 
det rakneverk, som motsvarar ett visst mineral och en viss kornstorlek 
for detta mineral. Pa sa satt erhalles varden fér de olika mineralens for- 
delningar och en kornstorleksfordelning for varje mineral erhalles. 
Dessutom fas 1 sarskilda rakneverk en kornstorleksférdelning for alla 
mineralen tillsammans. (Polyminerala korn registreras pa sa satt att 
de ges en sarskild kornstorleksfordelning och de mineral, som inga i 
dessa korn, registreras 1 respektive minerals raékneverk). 

Med tillhjalp av en objektivrevolver med snabbt skiftbara objektiv 
av olika férstoringsgrader kan man alltid valja den limpligaste for- 
storingsgraden. Genom att en objektivindikator anvéandes, behdver 
man inte tanka pa vilken férstoring man arbetar med. Indikatorn 
paverkar automatiskt relder, vilka for den aktuella forstoringen kopplar 
in ratt anslutning till registreringsapparaten. 

Ett speciellt registreringsforfarande har utarbetats for de tillfallen 
da apparaturen 4dr avsedd att anvandas tillsammans med den s. k. 
point-count-metoden. 

Tack vare att den cirkulara skalan kan varieras till storlek och 
lage kan morfometriska bestémningar Jatt géras (»tvadimensionell») 
sfaricitet, rundning, bredd/langdbestamningar m. m. 

Arbetet utfores med anslag fran Statens naturvetenskapliga forsk- 


ningsrad. 
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Mode of Occurrence of Uranium in Swedish Black 
Shales Preliminary investigations 
By 


RoLanpd RYNNINGER? 


The chemical and mineralogical nature of uranium in black shales 
still remains an open question. Even very recent investigations have 
failed in answering the question whether uranium is fixed in the organic 
or in the inorganic constituents. 

In this investigation two different approaches to the problem have 
been made. 

1. Stepwise separation of the organic and inorganic constituents of 
the shale and simultaneous enrichment of the different shale minerals 
in different fractions. A modified version of Quass’ method (1939) 
was used. The inorganic concentrates obtained in this way were sepa- 
rated into several fractions according to grain size and varying from 
10 to < 0,1 w. The uranium content and mineral composition of the 
fractions have been determined. 

2. Elution of shale in a column with diluted HCl of successively 
increasing concentration and determination of the elution curves for U, 
Fe; Al, Ca.Mg, Na, Ky, CO,. PO2>-and SO?; 

The results from experiments according to point 1 indicate that in 
the highly enriched organic concentrates (> 50 % organic) the uranium 
content decreases with an increasing percentage of organic material. 
The uranium content is proportional to the content of inorganic residue 
in the fraction. 

Uranium is concentrated in the inorganic fractions and is especially 
enriched (up to 5 times compared with the shale) in the fine fractions 
(< 0,1 uw). About 30 °% of the uranium in the fine fractions is insoluble 
in boiling dilute HCl. 

On comparing different fractions no correlation is found between 
the uranium content and the content of quartz, feldspar and pyrite. 
Positive correlation is indicated between acid insoluble uranium and 
micaceous minerals also found to be enriched in the fine fractions. 
Enrichment of acid soluble uranium along with some undefined acid 
soluble Al and Fe compounds is also found in the fine fraction. 


* Summary of a lecture given to The Swedish Society for Clay Research, Stockholm, 
the 20th of november, 1956. 
* Aktiebolaget Atomenergi, Stockholm. 
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The elution experiments according to point 2 indicate that about 
30 % of the uranium content of the shales occurs in a very acid soluble 
form, which is very rapidly eluted without any diffusion hindrance 
as soon as the dissolution of the carbonates is finished and the pH 
has dropped to slightly less than 3. The elution of U is accompanied 
by an elution of Fe, Al, PO, and SQ,. 

About 40—50 % of uranium is present in a form not easily attacked 
by acids in the absence of oxidizing agents. A pronounced drop in the 
elution rate occurs after the dissolution of the first 30 °% of uranium 
as can be seen from the curves. An increase in the acid concentration 
seems to have a very small influence on the elution rate for this part 
of the uranium. On the other hand the elution rates of Mg, Al, Fe 
and K increase indicating dissolution of silicate minerals probably 
chlorite, phlogopite, montmorillonite etc., present in small amounts 
in the shale. 

These preliminary experiments indicate that 70—80 % of the uranium 
in shales is soluble in acids and is present along with several other 
microelements, iron and aluminium as a separate fine grained phase 
possibly amorphous and without structural relation to the major part 
of the organic constituents as well as to the major minerals of the shale. 

The remaining 20—30 °% of the uranium content is possibly miner- 
alized in some types of micaceous minerals and is therefore slightly 
attacked by acids. 

The easily soluble part of the uranium seems to be present intimately 
mixed with phosphates and carbonates (possibly also sulphates and 
hydrates) of Al and Fe (possibly also Ca and Mg). The elution curves 
indicate that this part is distributed very closely along the macro 
pore structure of the shale and is therefore easily soluble. The re- 
maining 40—50 % of the acid soluble uranium seems to be present 
in a different form. The difference may be a chemical one (U(4)) com- 
pounds are less soluble than U(6)) or a matter of distribution of the 
uranium in the shale. In the second case penetration of the micro- 
structure prior to elution is possibly the rate determining factor. Any- 
how, there seems to be no correlation with phosphate content for this 
last mentioned part, but possibly there is a correlation to some easily 
soluble silicates. ; ; 

From the hypothesis that uranium was initially enriched in the 
shales by adsorption on humus which was later removed by microbial 
action it seems probable that several microelements including uranium 
and also some other multivalent elements such as iron and aluminium 
are enriched at the interfaces between the residue of organic material 
and mineral grains. This interfacial material will probably be very 
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fine grained and slightly crystallized according to its mode of formation. 
By treating raw shale with leaching agents the dissolution of this 
interfacial material will probably be dependent on the size of the 
coated mineral grains, for coarser grains related to the macro structure 
and for fine grains to the micro structure. Surface tensions between 
organic matter and mineral grains may also be of importance. Further 
investigations will take account also of those questions. 


References 
Quass, F. W., 1939: J. Inst. Petr. Vol. 25, p. 813—14. 


Diskussioner 


Om bevitningsvirme hos ler och humus 
Av 


I. To. RosENnQvVIST 


I Meddelanden fran Svenska Féreningen fér Lerforskning nr. 6, Geologiska 
Foreningens Férhandlingar bind 78, hefte 3, 1956, har Svante Odén en 
meget interessant avhandling med ovennevnte titel. Han gjér meg her den 
ere A referere til endel undersdkelser over samme tema utfdrt pa norske 
jordarter. 

I sin vurdering av sammenhengen mellom fuktevarme og jonebytnings- 
kapasitet, kommer Odén til en liner relasjon, hvorved 1 g.kal. motsvarer 
4,8 milliekvivalenter, mens jeg for norske og danske leirer har funnet for- 
holdet 1 g.kal. til 10 milliekvivalenter. Odén angir at forskjellen »knappast 
kan tolkas pa annat satt an att den radioaktiva Ca-metod, som anvints, 
givit for héga varden pa utbyteskapaciteten. Man kan ju tinka sig en 
substitution av gitterbundet Ca hos lermineral, kalcit eller gips som orsak 
till denna avvikelse». Til dette vil jeg bemerke at arsaken til vare forskjellige 
relasjoner neppe ligger 1 en feil i den radioaktive kalsiummetode. For det 
forste er det kun enkelte av de undersdkte jordarter som inneholder kalcit 
eller gips. For det annet er det nermest utenkelig at man av denne grunn 
konsekvent skulle fa dobbelt verdi for baseadsorbsjon. Likeledes er den 
radioaktive baseadsorbsjonsmetode sammenlignet med kjemisk bestemmelse 
i flere tilfelle, uten at noen systematisk forskjell gjér seg gjeldende. Grunnen 
til avviket finnes sikkert i verdiene for fuktevarmen og ikke i verdiene for 
baseadsorbsjonskapasiteten. For det férste angir jeg uttrykkelig at mine 
undersdkelser er utfort pa natriumleire, mens Odéns er utfért pa kalsium- 
leire. Efter den relasjon Odén selv anvender, gir natriumleiren en fukte- 
varme som er 76 °% av kalsiumleiren. For det annet er mine bestemmelser 
utfort pa fullstendig humusfri jord med en annen type kalorimeter, hvorved 
det ikke uten videre er gitt at vi maler néyaktig samme termiske effekt. 

Interessant er imidlertid & merke seg at sivel Odén som vi finner samme 
verdi for den differensielle fuktevarme ved vanninhold = 0, nemlig vi 277 
g.kal. pr. gram adsorbert mot Odéns tabell fra 214 til 304. Likeledes finner 
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vin omtrent samme verdi for det adsorberte vanns orienteringsenergi, nemlig 
vi ca. 84 g.kal. mot Odéns ca. 100. Begge undersdkelser viser derfor at 
energunnholdet av det vann som er bundet nermest til leirmineralene ma 
svare nonelunde til energiinnholdet i is, og at orienteringsenergien avtar 
relativt raskt fra mineralens overflate og utover, slik at en avstand svarende 
til meget fa (dvs. mindre enn 10) vannmolekyler ikke lenger har noen orien- 
teringseffekt. j ; 


Genmiale till prof. I. Th. Rosenqvist ang&ende bevatningsvarme 
hos ler och humus 


Av 


SVANTE ODEN 


Prof. Rosenqvist har med ovanstaende inlagg uppmarksammat den skilj- 
aktighet, som foreligger mellan vara undersékningar éver sambandet mellan 
bevatningsvarme och utbyteskapacitet. Den avsevarda skillnaden mellan 
resp. regressionskoefficienter (4,8 resp. 10,0) har jag tolkat sa, att den radio- 
aktiva Ca-metoden givit for héga varden pa utbyteskapaciteten. Rosenqvist 
anfor mot detta, att sa inte kan vara fallet, utan att olikheten snarare ar 
en foljd av den metodik jag utarbetat for matningar av det integrala bevat- 
ningsvarmet. Har star saledes metod mot metod. 

Vad forst bevatningsvarmemetodiken betraffar si Overensstammer mina 
matvarden helt med de som erhallas medelst adiabatiska blandkalorimetrar 
(anvanda av bl. a. Janert och Rosenqvist). Cirka halften av bestamningarna 
for korrelationen mellan lerhalt och bevatningsvirme (fig. 2, GFF 78: 3 
sid. 542) har namligen utférts medelst Dewar-kalorimeter och dirvid givit 
upphov till en punktsvarm, som pa intet satt skiljer sig fran den som mikro- 
kalorimeterns matvarden leder till. Det har vidare genom Graff-Petersens 
férsorg varit méjligt for mig att bestamma bevatningsvarmet for »naturlig 
Lillebaeltler» (ingar i Rosenqvists undersdkning). De jamforande bestim- 
ningarna visade sig darvid praktiskt taget dverensstimma (6,76—6,99 gkal/g 
jamfort med 6,71 gkal/g). 

Vad avser bevatningsvirmemetodiken vill jag slutligen framhalla att det 
inte skulle varit méjligt att fa fram negativa virden pa andringen i det 
adsorberade vattnets entropi, om mina matvarden for det integrala bevat- 
ningsvarmet i enlighet med Rosenqvists formodan i avsevadrd grad vore 
for héga. Det skulle namligen leda till att berdikningen av orienterings- 
entropin vid viss vattenhalt, som endast ar mdjlig med kiénnedom om de 
differentiala vardena for b Ade fria energin och bevatningsvarmet, skulle 
ge upphoy till positiva varden éver hela vattenhaltsomradet. Ett sadant 
resultat strider mot vad man kanner till om vattenadsorptionen hos t. ex. 
agar, bomull eller tra. , 

Den av Rosenqvist utarbetade metoden fér bestimning av utbyteskapaci- 
teten medelst radioaktivt kalcium synes, under vissa omstandigheter, ge 
tillforlitliga varden. Sjalv har jag ingen erfarenhet av den. Jag far darfor 
néja mig med att framhalla, att Poul Graff-Petersen (Dansk Geologisk Fore- 
ning, Bd 13: 3, 1956) nyligen har visat, att speciellt kalcit och gips inverkar 
pa miatresultaten. Dessa mineral, som har mycket ringa utbyteskapacitet 
och bevatningsvarme, ger likval en »utbyteskapacitet» enligt Ca-45 metoden 
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pa 57 resp. 104 me/100 g. Graff-Petersen framhaller aven att »numerous 
Danish clays contain calcite and many clays contain gypsum» varfor jag tycker 
det ar ganska forklarligt med den avvikande regressionskoefficienten 1 Rosen- 
qvists diagram, emedan detta diagram bars upp av just danska leror. 

Graff-Petersen har godhetsfullt meddelat mig att han vid senare under- 
sdkningar och med eliminerande av den speciella felkillan for den radioaktiva 
Ca-metoden funnit, att relationen utbyteskapacitet : bevatningsvarme ligger 
omkring 4,3, d. v. s. i 6verensstémmelse med Janerts och mina undersok- 
ningar. 

Na-ler ger vanligtvis ett bevatningsvirme, som ar ca. 76 9% av Ca-lerets, 
och denna relation borde kanske ha tilliémpats av mig vid atergivandet av 
Rosenqvists diagram. Sa blev dock inte fallet emedan hans egen undersék- 
ning av monokatjon-ler fran Aserumvisar, att Ca- och Na-ler dr likvirda 
ur bevatningsvaérmesynpunkt. 

Jag har med dessa rader velat beméta Rosenqvists synpunkter pa sam- 
bandet mellan utbyteskapaciteten och det integrala bevatningsvarmet vid 
»vattenhalten O». Fragan ar naturligtvis inte helt utredd i och med detta 
utan kan bli sa forst efter en parallellt genomford undersékning pa samma 
serie jordar. Det ar min forhoppning att en sadan undersdkning skall komma 
till stand som en féljd av denna diskussion. 
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Old and New Datings of Swedish Ice Lakes and the Thermals 
of Bolling and Alleréd 


By 


Essa Hutt Dr GEER 


1. The Central Jemtland ice lake, last drainage sequence and a facies 
change from late glacial to postglacial type 


The Central Jemtland ice lake and its last drainage are just now 
actualized through a paper by R. Borety and J. OrFERBERG (1955), 
presenting 43 extensive varve measures up the Middle Indal Valley. 
It is a very laudable work of thoroughly made observations and very 
clearly presented. 

They found a mistake by G. DE Grrr (1940) in his connecting the 
locality Storedan in Déviken with that of his standard profile Vik- 
backen in Ragunda, seemingly having rendered DE GEER’s chronology 
84 years too long. So, instead of DE GrER’s Zero year, BoRELL and 
OFFERBERG chose for Zero a very mighty drainage varve in Storedan, 
which is No. 84 by De Geer. 

Highly appreciating their observations, however, I must decidedly 
oppose their conclusions. To introduce an alteration of 84 years through- 
out the whole geochronology is an awkward thing, and should not 
be done if avoidable, so much the more as also the C 14 values render 
2 confusion of various sorts of years, B. C. and B. P. 

What has really happened? Nothing, except that out of fourhundred 
localities published in 1940 by Dz Geer, two of them, Storedan and 
Singsan, are moved 84 years downwards, where their variations really 
match those of Vikbacken and all the other profiles published in Dr 
Gxrer’s Geochronologia I. Vikbacken remains intact, graphically tied 
on to the Bipartition year at Stugun by means of its uppermost drainage 
layer. It goes without saying that this is the real Zero varve, as it is 
immediately superposed by the post-glacial clay, which is dark brown, 
microvarved and highly biotical, contrary to the glacial clay, which 
consists of a light grey, mineralic silt, copiously forming macro- and 
mega-varves, all up to this year, at Storedan as well as at Vikbicken. 

When in 1909 Dz Gurr first went to the Indal Valley, he found a 
most remarkable succession of strongly differentiated varved clays and 
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their belonging mega-varves, all accessible as far inland as unto the 
last ice-shed at Stugun, investigated by CaLpEentus (1924). 

A strong calving in the deep Ragunda fjord early opened a scar 
in the ice front all unto Déviken, while in the highland west on to 
Stugun the fjord was 80 meters shallower, the calving ceased, and 
the ice retreat from Doéviken (30 km) to Stugun was slow, reduced in 
part even to 10 meters pro year (Fig. 1, graph; E. H. De Grrr 1953, 
map, Fig. 7). 

Certainly Dr GrER made it a point to date the last drainage varve 
of the ice lake, but he also had a plan of a wider extent, that of dating 
the limit between the late Glacial and the Nordic Postglacial stages, 
if possible through a prominent varve as a starting point for a conti- 
nuous chronology with minus-years for the late glacial and plus years 
for the postglacial part. 

Accordingly he says, in 1911, like this: even a drainage varve may 
signify no more than an approximate limit to be used provisorically, 
if glacial varves and recession occur beyond such a megavarve. Evi- 
dently this uttrance is due to his finding, just above Storedan’s varve 
— 84, a parade of thick current varves of glacial type (G. De GEER 
1911, p. 469). 

Thus, from varve — 84 in the midst of a pronounced glacial series, 
postglacial plus-years are not entitled and should not be introduced, 
as the typical biotic clay, marking a postglacial climate, does not 
appear until beyond the real Zero varve, occurring at Vikbacken and 
also identically at Storedan, superposed by the microvarved clay. 
There was in this fjord an absolute and momentaneous accordance in 
the afflux of meltwater ceasing and the entrance of mild, salt water 
with plankton. 

Far from reversing Dr GrExEr’s chronology, the new results support 
and verify quite strictly his Zero year as starting point for the chrono- 
logy and his varve count of glacial varves from the last drainage varve 
downwards, also by the series of Vikbacken tied on to Lipin’s long 
measures in Angermanland and that of Indal locality, all well con- 
nected southwards. Contrary to their own conclusions, BoRELL and 
OFFERBERG have done a far better work, namely by their correction 
to bring all the matching series of Ragunda into their right place, as 
tied on to the Zero of Vikbicken. Thus an exchange of Zero year is 
not only superfluous but contrary to the basal facts here presented. 

The great thickness of varve 84 at Storedan may depend on various 
conditions during the complex drainings. An important event it repre- 
sents, but not the glacial-postglacial limit, nor the last draining and 
bipartition. As such Vikbicken’s Zero year remains, well supported by 
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Fig. 1. Graph of ice retreat in the Stugun-Ragunda region, showing a) macro varves 

of thick and light-grey glacial silt, b) the last drainage varve (-+- 0), and c) directly 

superposing, dark, microvarved and biotical fjord clay, proving quiet, mild and salt 

water to have immediately entered the basin, thus as to De Geer, introducing, for this 

region, the temperate Post-Glacial epoch. At Stugun church the Zero megavarve is 

bottom varve: the FINIS AETATIS GLACIALIS. This is 84 years after the formation 
of the big drainage varve at Storedan in Déviken. 


CALDENIUS’ measure of the last recession at Stugun, an achievement 
ere perennius, in full harmony with Dre GEER. 

CALDENIUS’ varve localities at Stugun, CC 103 and 38, prove, by 
DE GEER’s very minute connexions, that the Indal and Vikbacken top 
drainage varve is identic with the megavarve forming the bottom 
layer at Stugun stn (Fig. 1). These series not being entered by Dr 
GEER into his Geochronologia may depend on his finding them rather 
small among the long series of extensive range. As well as other small 
varve series from Ragunda they are published by the author in 1953, 
where also the drainage history of the Central Jemtland ice lake is 
lescribed and illustrated in all its complexity (E. H. Dz Grrr 1953). 
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Fig. 2. The last ice recession of the Main Wiirm glaciation. 
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It is often remarked that continued research may bring along addi- 
tional varve series, especially by the thorough-going deep-borings, thus 
causing breaks in De GuEr’s painstaking connexions and bringing his 
dates out of order. 

This may seem bad enough, but if such series may occur in the well- 
controlled Swedish records, then also foreign varve series may be apt 
to show a similar elasticity, and between the breaks certainly the 
first-rate teleconnected constellations may remain well fixed points 
for most of the records. If, however, some years must be changed, so 
much greater reason to show DE Guxr the esteem of maintaining his 
original zero year. 


2. The Bolling-Alleréd thermals and early South Baltic ice lakes. Dating 
of the Bolling stage 


On G. DE GeEr’s well-known map of the Scandinavian deglaciation 
there is a tight packing of millenniar ice-borders during the Daniglacial 
stage (H. H. De Grrr 1954). From the year 13 300, however, by an 


From StoN: The Daniglacial stage: tight rows of long-range endmoraines, 
denoting a slow recession on the whole; dated by varves and Radiocarbon C 14 to 15 730 
B. P., or c:a 16 000—13 000 B. P. Interstadials here, geographically short, are in time 

about 1000 years each. The Oldest Dryas zone, 1 a, marks the end of the Daniglacial 
perhaps by a quick but rather extensive readvance. As a whole the Daniglacial had 
a duration of about 3000 years. 

The Gotiglacial stage starts with a quicker ice retreat during the first more 
temperate B6lling interstadial, a), forming the Scania-Kalmar, § Baltic 
Bolling Sea, the Oslo Bélling Sea, and other extensions of the sea on 
the Norwegian West coast: dotted spaces. 

The ice edge of 12310 forming the Gothenburg moraine, passing Bleking and far 
extended by a readvance to Bornholm and to Rorum, R, on the SE coast of Scania. 
Here the beginning of the mild stage was marked by the first basal varves, in 13 150, 
deposited in a small ice lake, containing 840 annual varves and at the top cut off by 
the returning ice in 12 310, and superposed by the Gothenburg moraine just mentioned, 
even joined by the Older Dryas zone, 1 b. Marine inflow ended. ° 

b) The succeeding Alleréd interstadial (12310—11 000 B. P.): by rising 
temperature causing an abnormally great ice retreat. Perhaps this was augmented by 
the outflow of the great number of big, southerly rivers: the Oder, Wisla, Pregel, Niemen, 
later also Diina, together with all the melt-water from the East-Baltic regions, these 
compound outflows having to find their exit through the successive outlets to the Swedish 
West-coast, described by Erik Nilsson (1953), and finally taking part in the great 
Baltic drainage at Mt Billingen (Bi). , : 

During the stage of the Goti-Finiglacial moraines (Salpausselkaé I and II), influence 
of salt water at about 10 500 and 10 000 B. P. Close afterwards, in 9 873 the final drainage 
of the Baltic ice lake took place, soon opening the Narke Sund for the Yoldia Sea from 
the West, with the Yoldias concentrated in the Malar depression. In the steadily milder 
Finiglacial stage (Sauramo’s stage H), probably also the inflow of heavy salt water 
tended to lift up and break the thinned ice cover on the Botnic Bay, thus augmenting 

the calving. oe fara 

During the Ancylus stage over to the Litorina the temperature was steadily rising, 
although in the mountain region small redepositions of moraine may denote minor and 
local oscillations. ma ; 

Arrows at the figure + 0 denote successive drainings through different valleys, pre- 
ceding the final drainage of the Central Jemtland ice lake in De Geer’s Zero year, when 


the ice at Stugun became bipartite. 


7—573060. G. F. F. 1957. 
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ice-border close E of Langeland, an abruptly accelerated ice-retreat 
set in, typical for the whole Gotiglacial. Then was formed the extensive 
ice lake of Scania-Kalmar, bordered along the S Swedish coast by a 
continuation of the Gothenburg moraine, forming, in Bleking, a row 
of plurennial marginal deltas, dated by E. H. and G. Dr GueEr to 
12 300 B. P. (Fig. 2). 

The initial pond of this ice-lake was on the SE corner of Scania, 
at Rérum, ice-border 13150 B. P., where the sedimentation lasted 
840 years, whereafter till was deposited on top of the varve packet. 
Conclusively this was in 12 300 B.P. and from an oscillation of the 
ice during the cold stage of the Gothenburg moraine. Also a row of 
small ice-lakes in Bornholm were dated to the same age, all by Dz 
GEER’S varves. 

In the fall of 1955 F. Frrpas issued a paper with C 14 dates he just 
had obtained from Heidelberg for a series of deposits in the Lake of 
Gatersleben at Aschersleben in the eastern foreland of Harz. They 
were a mud of lime (Kalkmudder), containing ample remains of wood, 
mainly Salix but also Betula, a typical Bolling series. The base dated 
13 300 and the top 12 300 B. P. this interval identical with the Danish 
Bolling thermal, splits the Dryas into Oldest Dryas, before, and Older 
Dryas, after this series, this latter equaling the Gothenburg moraine. 
Immediately succeeding that brief Older Dryas, lies the Older Alleréd, 
dated 12 300—12 000, and the Younger Alleréd, lasting until ca. 11 000 
B. P. (10830). Thereby the complex Gotiglacial thermal is dated 
through all of its stages. The Bolling stage begins some 1 200 years 
after the varve series of Prof. Vierke on the Pomeranian coast were 
deposited. Also this dating may settle the Dani-Gotiglacial limit to 
the beginning of the Bélling thermal stage. 


3. Transport of chert by ice-bergs 


During the oscillations mentioned the iceborder may have repeatedly 
struck against the high cliffs of Méen and Riigen, causing the well- 
known disturbances and breaking loose crowds of big boulders of 
cretaceous limestone with chert. 

On one of Erik Nitsson’s special maps of the first Scanian ice lakes 
(1953), the author plotted a varve-dated ice-lobe, protruding into 
Oresund just in early Bolling time, apt to soon open the Sund, as this 
thermal passed on. An open passage marked by salt-water deposits, 
found by E. Nrisson at V. Vram in NE Scania, is varve-dated to 12 700 
B. P., thus in the midst of the Bolling thermal (Fig. 3). 

through the newly opened Oresund channel the icebergs could slip 


= 7 = = <s 
Bd 79. H.1] oLp AND NEW DATINGS OF SWEDISH ICE LAKES 99 


— 


= 


A, 
<] 
Dates BODY 


0 10 20 30 KM 
| 


Memmrg@re Ciel sy Sali WALes //lut Yeats BP 


Fig. 3. Scanian ice-dammed lakes in early Bélling time and marine influx. 


On basis of E. Nilsson’s (1953, Fig. 5) sketch map of the ice-dammed lakes E and W 
in Scania, where he explained Oresund as barred by a damming amount of dead-ice, 
the author here ventures, according to bottom-varve measures at Oresund, to depict 
an extensive ice lobe, in the year 13 300 still reaching as far as the N end of Sdderasen 
ridge and thus damming up the westerly lakes. Even on the island Ven varve dates are 
obtained through the early works of E. Antevs. R = Rorum. 

By this time the landice ceased to bar the Pomeranian coast, and the continental 
rivers, Wisla and Oder, must have run out westwards along the ice border. Thus there 
was much freshwater counteracting the entrance of salt water in Oresund, and E. Nilsson 
does not report salt water until, at W Vram in NE Scania, in the year 12 700 B. P. 
Then, however, the still expanding ice lake certainly was instead a bay of the sea — 
and may have been so from the beginning, though mixed with fresh water — to be 
called the South Baltic Bolling Sea. 


out into the open sea of Kattegat and drift along the Swedish west 
soast, dropping their load, as witnessed by the erratics of flint there 
ybserved (WimaN 1912). This ice-free space can be mapped, as a 
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minimum, by the trend of the Gothenburg moraine, all unto Bokends 
W of Uddevalla, where it is varve-dated by the author. It is most 
probable that the climatic spell had freed the land from ice way into 
the Norwegian fjord valleys, as chert erratics in great number are found 
especially in the region of Oslo, E to Lillestrém, and SW to Skien, as 
also in other fjords and all up to the Andé island near the 70th parallell 
(cf. HotrepaHL 1953 and RosENDAHL 1942). Chert, however, also 
may be derived from the Cretaceous layers in Kattegat (WimaN 1912). 

In Alleréd time perhaps even still greater spaces were laid bare in 
the Norwegian fjords; but then the Baltic ice was receding across 
Gotland and its border could not hit any of the cretaceous cliffs; also 
the land elevation may have begun to shut the straits from the sea, 

On the whole, the dating of the Bolling thermal has given a hitherto 
unsurpassed precision to various problems and opened new perspec- 
tives in their solution. 
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Bildungsfolge und Koexistenzbeziehungen der Hauptgemeng- 
teile des Maggia-Lappens, einer penninischen QGneisserie des 
NW Tessin, Schweiz 
Von 
A. W. GUnruHert, Basel 
Abstract: The Maggia-Lappen is a medium-grade Pennidic series of polymetamorphic 


gneisses, schists, and amphibolites, with some aplitic and pegmatitic veins. The sequence 
of Alpine recrystallization of the chief constituents of the series is the following: Acces- 


sories — common hornblende — zoisite + clinozoisite + pistacite — mica — potash 
feldspar + quartz — albite + quartz — oligoclase + quartz — andesine-labrador + 
quartz — quartz. This sequence is characteristic of medium-grade metamorphic rocks 


of sedimentary and metasomatic origin which have never been subjected to juvenile- 
magmatic conditions. 


Der Kanton Tessin liegt siidlich des Gotthard-Massivs und wird 
von diesem Massiv bis nach Siiden zur sogenannten Jorio-Linie! aus 
Wurzelgewélben, penninischen Gneisserien (zum Teil von Decken- 
_charakter) und von biindnerschieferreichen Mulden aufgebaut. Die 
vorliegende Arbeit nimmt Bezug auf den Maggia-Lappen?, eine miach- 
tige Gneisserie des nordlichen Tessiner Penninikums. Der alpin syn- 
und posttektonisch véllig umkristallisierte, polymetamorphe Maggia- 
Lappen baut sich aus einem granitischen und einem quarzdioritischen 
Kern auf, die beide konzentrisch-schalig umhiillt werden von einer Serie 
von Paragesteinen; es sind dies Alkalifeldspat-, Konglomerat-, Augen, 
Plagioklas-, Bander- und Hornblendegneise, Amphibolite, Glimmer- 
schiefer, Aplite und Pegmatite. 

Naheres iiber Tektonik, Petrographie und Petrogenese des Maggia- 
Lappens findet sich in PrerswerK (1918), Haster (1949), Bucumann 
(1953) und Ginrnert (1954, 1956). 

Im folgenden treten wir auf die Bildungsfolge der 
Hauptgemengteile der Gesteine des Maggia-Lappens ein, 
weil sie typisch erscheint fir metamorphe Gesteine 
im allgemeinen und fir mesometamorphe im besonderen. 


1 Die Jorio-Linie trennt das Penninikum im Norden vom insubrischen Gebirge im 
Siiden und verlauft im Tessin (von Ost nach West) vom Jorio-Pass iiber Locarno ins 


Centovalli. : , 

2 Der Maggia-Lappen erhielt seinen Namen von Pretswerk (1918), der ihn als einen 
Anhang (»Lappen») der oberpenninischen Bernhard-Decke auffasste und mit der Bern- 
hard-Decke im Wallis (ArGAND, 1916, 1934) verbunden dachte. Dieser tektonische Zu- 


-sammenhang existiert jedoch nicht. 
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Fig. 1. Koexistenzbeziehungen und Bildungsfolge der Hauptgemengteile des Maggia- 
Lappens. Feldspatdreieck. 


Der typomorphe Mineralbestand der Gesteine des Maggia-Lappens 
lautet: Quarz, Alkalifeldspaite, Plagioklas, Zoisit-Epidot, Biotit, Musco- 
vit, Serizit und Hornblende. Hiervon sind chemisch analysiert worden 
eine Hornblende (Ho B 611) und ein Biotit (B 551 a) von BucHMANN 
(1953, 8. 41, 64), wie auch eine Hornblende (Ho H 39) und ein Alkali- 
feldspat (H 110 a) von Hasier (1949, 8. 98, 109, 128). Diese Mineral- 
arten treten in derselben Ausbildung in vielen Gesteinen des Maggia- 
Lappens auf, weshalb wir diese vier Mineralanalysen als fiir weite 
Bereiche des Maggia-Lappens giiltig verwenden kénnen. Sie wurden 
in das Feldspatdreieck (Fig. 1) projiziert, welches auf den von Niqexi 
(1936) vorgeschlagenen Basismolekiilen beruht. Als Projektionsorte fiir 
Muscovit und Zoisit-Epidot ergeben sich die Kp(Or)-, respektive die 
Cal(An)-Ecke des Feldspatdreiecks. Der Plagioklas wurde bestimmt 
nach der Fedoroffmethode (RErnHaRp, 1931), wie auch nach der 
Zonenmethode [Rirrmann, 1929, und korrigierte Kurve __ (010) nach 
personlicher Mitteilung Rrrrmans]. Diese optischen Plagioklasbestim- 
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mungen erfassen den Or-Gehalt nicht. Deshalb zogen wir folgende 
chemische Analysen von Plagioklas zur Konstruktion ihrer Projektions- 
orte zu Hilfe: 


An, Albit (QUERVAIN und FrrepLanpEr, 1942, S. 63, No. 22), 

An, Plagioklas (TR6GER, 1935, S. 346, No. 70), 

Anoy re von zwei Oligoklasanalysen aus Tr6cER (1935, S. 346) und Niacuz 
( 3 kde 6), 

Ans Mittelwert von zwei Labradoranalysen aus TROGER (op cit.) und Niacur (op. cit.). 


Die Zusammensetzung dieser Plagioklase mag z. T. etwas verschieden 
sein von der der vorliegenden Gesteinsplagioklase. Es sind jedoch 
keine wesentlichen Unterschiede zu erwarten — insbesondere nicht in 
Bezug auf die Ab-An-Linie —, und sie andern am Sinn der Koexistenz- 
beziehungen und an der Bildungsfolge nichts. 

Zwischen die Projektionsorte dieser der Literatur entnommenen 
Plagioklase wurden folgende Mittelwerte der von uns optisch unter- 
suchten, invers zonar gebauten Plagioklase! projiziert: 


Anorthitgehalt 
Kern Rand 
Hee a ite CHOOKISS OVENS, sera pein cia Sin osetia neo Sais iofele sce.eln Fa Fi locale 3 13—14 
in Muscovitschiefern und in Muscovit-Alkalifeldspatgneisen ver- 
treten 
II. Plagioklase iibriger hornblendefreier Gesteine ................ 116: 31 
III. Plagioklase hornblendefiihrender Gesteine .................0.. 16 62 
Plagioklase der Gruppen II. und III. (im Mittel) ............ 14 44 


Folgende Hauptgemengteile koexistieren: 


Albit-Oligoklas +- Muscovit, Serizit + Quarz 

Albit-Oligoklas + Alkalifeldspat + Muscovit, Serizit + Quarz 
Albit-Oligoklas + Alkalifeldspat + Muscovit, Serizit + Biotit + Quarz 
Oligoklas + Biotit + Quarz 

Oligoklas-Andesin + Alkalifeldspat + Muscovit, Serizit + Quarz 
Oligoklas-Andesin + Alkalifeldspat + Muscovit, Serizit + Biotit + Quarz 
Oligoklas-Andesin + Alkalifeldspat + Biotit + Quarz 
Oligoklas-Andesin + Biotit + Quarz 

Oligoklas-Andesin + Biotit + Muscovit, Serizit + Quarz 
Oligoklas-Andesin + Biotit + Klinozoisit + Quarz a 

Oligoklas bis Labrador + Hornblende + Klinozoisit =P Biotit + Quarz 
Oligoklas bis Bytownit-Anorthit + Hornblende + Biotit + Quarz 
Oligoklas bis Bytownit-Anorthit ++ Hornblende + Quarz 


Die Pfeile der Fig. 1 deuten die Bildungsfolge an. Hin 
scharfer Hiatus zwischen der Bildung der einzelnen Mineralphasen ist 
jedoch die Ausnahme, in der Regel iiberdeckt sich ihre Bildung anfangs 
so, dass man auch von einer Koexistenzfolge reden kann. 


1 Unter den Plagioklasen iiberwiegen invers zonar gebaute mengenmissig. Unzonare 
Plagioklase treten untergeordnet auf, normal zonar gebaute kommen selten vor. Die 
Basizititen der unzonaren und der normal zonaren Typen bewegen sich innerhalb der 
Variationsbreiten des Anorthitgehaltes der invers zonaren. 
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Diese lautet auf Grund der von Haster (1949, Fig. 9, 10) und Gin- 
THERT (1954 a, 8S. 69, 76, 79 f., 91 f., 105; 1954 b) angefiihrten Beo- 
bachtungen schematisch folgendermassen: Akzessorien — Hornblende — 
— Zoisit + Klinozoisit + Epidot — Glimmer — K-reiche Alkalifeld- 
spite + Quarz — Albit + Quarz — Oligoklas + Quarz — Andesin- 
Labrador + Quarz — Quarz. 

Die Griinde, die zur Aufstellung dieser Folge fiihrten, seien kurz 
zusammengefasst: 

Die frischen Feldspate korrodieren und umschliessen die dunklen 
Gemengteile (der umgekehrte Fall tritt sehr selten auf). Die Feldspate 
sind also in der Regel nach den dunklen Gemengteilen entstanden. 
Unter den dunklen Gemengteilen lassen sich in einigen Fallen Relikte 
unvollstandiger Umwandlungen von Hornblende in Biotit und von 
Hornblende in Zoisit-Epidot finden; sie belegen die friihe Bildung der 
Hornblende vor Biotit und Zoisit-Epidot. In anderen Fallen jedoch 
scheinen alle dunklen Gemengteile mehr oder weniger gleichzeitig 
entstanden zu sein, insbesondere Biotit und Zoisit-Epidot. 

Unter den Feldspaiten begann der K-reiche Alkalifeldspat sich als 
Erster zu bilden. Er wird meist korrodiert von Plagioklas, frisst aber 
selbst den Plagioklas selten an. Haiufig umschliesst der Plagioklas den 
Alkalifeldspat, wihrend dieser den Plagioklas nur ausnahmsweise (z. B. 
in Matorello-Gneis) einschliesst. Nie schliesst jedoch der Plagioklas allen 
vorhandenen Alkalifeldspat ein, sondern korrodiert ihn zum Teil nur 
oder lasst ihn zum, Teil intakt. Die Oligoklasbildung muss also wihrend 
der Endkristallisation des Alkalifeldspates eingesetzt und nach ihr 
fortgedauert haben. Die Anlagerung der invers zonaren Hiillen um 
den Oligoklaskern ist nach der Bildung des Alkalifeldspates und 
z. 'T. vor dessen Plagioklasierung, wie auch vor der damit verkniipften 
Antiperthitbildung erfolgt. Dies geht aus folgendem hervor: 

Sowohl unzonarer Oligoklas, als auch invers zonarer Oligoklas- 
Andesin dringen (z. T. unter Myrmekitbildung) in den Alkalifeldspat 
ein. Schreitet dieser Prozess geniigend weit vor, so geht die Korrosion 
uber in Verdringung unter metasomatischer Antiperthitbildung. Der 
Myrmekit ist alter als der Antiperthit, jedoch jiinger als die inverse 
Zonarstruktur der Plagioklase. Metasomatischer Antiperthit findet sich 
sowohl im Kern, als auch in den Randzonen des invers zonaren Plagio- 
klaswirtes. Die Bildung von invers zonarem Plagioklas hat angedauert 
bis nach erfolgter vollstiindiger Plagioklasierung des Alkalifeldspates, 
dafiir sprechen Relikte von Alkalifeldspat im Kern invers zonar ge- 
bauter Plagioklase (insbesondere in plagioklasreichen Gneisen). Die 
Bildung des Quarzes setzte ein vor der des Alkalifeldspates und dauerte 
bis nach der Ausscheidung des Plagioklases. Beide Feldspatarten sind 
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reich an Quarztrénen (z. T. Siebstruktur) und werden durchwegs von 
Quarz korrodiert. 

Die geschilderte Koexistenzfolge verlauft wesentlich andersartig als 
die von Bowen u. a. fiir magmatische Gesteine verwandter Chemismen 
erwiesene normalmagmatische Kristallisationsfolge (vgl. auch Nice, 
1941, 8. 189 und Wenk, 1945, S. 143). In Plagioklas fiihrenden Gesteinen 
verlauft sie im Feldspatdreieck (vgl. Fig. 1) vom Koexistenzpaar Horn- 
blende-Biotit nach rechts zum Paar Zoisit-Epidot + Biotit und setzt 
sich fort von Biotit + Oligoklas zu Andesin-Labrador. In glimmer- 
und alkalifeldspatreichen Gestemen des Maggia-Lappens liegen die 
Koexistenzgeraden Or: Ab ebenfalls wesentlich anders als in Eruptiv- 
gesteinen (Nice, 1941, S. 187 f.), sie liegen namlich anfangs + parallel 
der Seite Or-Ab und folgen sich in Richtung auf die An-Ecke zu, wobei 
sie steiler werden. Alkalifeldspat koexistiert in den vorliegenden Ge- 
steinen mit Plagioklas bis zu 44 An, nicht aber mit basischeren Gliedern 
der Plagioklasreihe. Die Koexistenz des Alkalifeldspates H 110 a (von 
der Zusammensetzung Or: Ab = 81:19) eines Zweiglimmer-Alkali- 
feldspat-Plagioklasgneises, mit einem Plagioklas von Any ist zwar 
nach Nicexr (1941, 8. 189) charakteristisch fiir Eruptivgesteine von 
pazifischem Chemismus, dennoch liegen hier keine magmatischen Ver- 
haltnisse vor. Wie schon lange bekannt, gibt es auch Sedimente von 
diesem Chemismus (vgl. Zusammenstellung von GUNTHERT, 1953 a), 
nicht nur Orthometamorphite. Die Feststellung ist somit dahin zu 
prazisieren, dass die vorliegenden Koexistenzbeziehungen als typisch 
fiir Mesometamorphite von pazifischem Chemismus zu gelten haben, 
gleichgiiltig welcher Herkunft. Das Gesamtbild der Koexistenzbezie- 
hungen der Gesteine des Maggia-Lappens aber ist wesentlich ver- 
schieden von dem chemisch verwandter magmatischer Gesteine. Die 
vorliegenden Gneise und Schiefer waren nie geschmolzen, wie die 
eingebetteten Konglomeratgneise u. a.m. erweisen. Vielmehr handelt 
es sich hier um mesometamorphe Umpragung einer polymetamorphen 
Gesteinsserie bei Gegenwart von H,O, wobei natiirlich andere p-t-x- 
Bedingungen geherrscht haben als in trockenen Alkali-Alumo-Silikat- 
magmen. 

Die Koexistenz Albit + Alkalifeldspat findet sich sowohl in Gneisen 
und aplitischen Gesteinen des Maggia-Lappens, als auch in Eruptiv- 
gesteinen anderer Provinzen. In beiden Fallen handelt es sich um 
Mineralkombinationen entstanden in wasserigen Alkali-Alumo-Silikat- 
lésungen, von z.T. verschiedenen, z.T. verwandten Temperatur- 
bereichen. Dass jedoch in Gesteinen des Maggia-Lappens diese Ko- 
existenz von metamorpher Entstehung ist, geht u. a. hervor aus ihrer 
Verwandtschaft mit alpinen Kluftparagenesen: Adular + Albit (Nreet, 
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1940, 8. 573—574; Parker, 1940, S. 236 f., Fundortgruppen 10 e, 
10 g), bzw. (und insbesondere) saure Plagioklase + Kalkalumosilikate 
(GinTHERT, 1953 b), ferner aus dem Feldbefund, den Texturen, Struk- 
turen, dem Pauschalchemismus der Gesteine und der Gesteinsserien. 
Die beschriebene mesometamorphe Koexistenzfolge 
herrscht in der Regel auch in jenen Gesteinen des Maggia-Lappens, 
die eine Stoffzufuhr erlitten haben, so z. B. auch in Apliten, die ins 
Nebengestein eindringen; dabei korrodiert Plagioklas perthitische 
Alkalifeldspate, wie sie nur in aplitischen Gesteinen und dem von 
ihnen durchtrinkten Nebengestein vorkommen. 

Fiir die Durchsicht des Manuskriptes sei auch an dieser Stelle Herrn 
Prof. Dr. E. Wenk, Direktor des Mineralogisch-petrographischen 
Institutes der Universitat Basel, der beste Dank ausgesprochen. 
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Motet den 10 januari 1957 


Narvarande 80 personer. 


Ordforanden, hr Brotzen, éppnade métet och meddelade, att till nya 
ledaméter av Foreningen har styrelsen invalt 

Dr phil. Martin Kirchmayer, Wien, och fil. dr Paavo Haapala, Hel- 
singfors, foreslagna av hr Meier 
samt fil. kand. Knut-Fredrik Alm och fil. stud. Kurt Bostrém, Stock- 
holm, féreslagna av hr Gabrielsson. 

Till Féreningen har inkommit meddelande om att Geologische Ge- 
sellschaft, Karl-Marx-Stadt, har geologméte den 26—29 april inneva- 
_rande ar med tema »Geologie und Lagerstitten des Harzes und Harz- 
vorlandes». Narmare upplysningar lamnas av sekreteraren. 

Ordet 6verlamnades darefter till hr Dahlman, som hdoll ett med kartor 
och ljusbilder illustrerat foredrag med titeln: Den uranfoérande alun- 
skiffern. 

_ Tanledning av foredraget yttrade sig hrr Asklund, Bergkvist, Gavelin, 

Hagerman, Hedstrém, Rynninger, Olander, Ordféranden och Foredrags- 
hallaren. En uppsats i 4mnet kommer att senare publiceras 1 Foérhand- 
lingarna. 


Vid métet utdelades nr 487 av Foérhandlingarna. 


Métet den 7 februari 1957 


Narvarande 50 personer. 

Ordféranden, hr Brotzen, 6ppnade métet och meddelade: 

Den 20 januari avled i Orebro férre laroverksadjunkten Edward 
Broddeson. Han var fodd 1880 i Oderljunga, Kristianstads lin och var 
1913—45 adjunkt i biologi och geografi vid Karolinska laroverket i 
Orebro. Sedan 1914 verkade han ocks4 som larare vid Orebro handels- 
gymnasium. Han var ledamot av var Forening aren 1924—53. 

Jag lyser frid é6ver den bortgangnes minne. 

Hr Ragnar Sandegren har uppvaktats med telegram pa sin 70-ars 
dag den 15 januari. Tackskrivelse har ingatt. 


108 GEOLOGNYTT [Jan.—Febr. 1957 


Statens naturvetenskapliga forskningsrad har beviljat Foreningen ett 
anslag med kronor 21 000. 

Cirkular nr 1 med inbjudan till Det Nordiska Geologmétet 1958 
foreligger nu i korrektur och kommer inom kort att utsaindas. 

Till nya medlemmar i Foreningen har styrelsen invalt ingenjér Bertil 
Bolander, Svenska Diamantbergborrnings AB, Stockholm och dr phil. 
Hans Helfrich, Bolidens Gruv AB, Boliden, foreslagna av hr O. Meier, 
fil. stud. Bengt Ingre, Stockholm, foreslagen av hr B. Dahlman; fil. 
stud. Gert Knutsson, Lund, foreslagen av hr T:; Nilsson samt bergsin- 
genjor Waldemar Zeidler, Narkes Kvarntorp, ingenjér Kjell Qvarn- 
strom, Narkes Kvarntorp och ingenjér Evert Garping, foreslagna av 
hrr B. Dahlman och J. Eklund. 

Darefter vande sig hr ordf. till Foreningens nyss avgangne redaktér 
hr Sandgren och uttalade i varma ordalag Féreningens tacksamhet for 
det myckna och ofta betungande arbete som hr Sandegren under 17 
ar nedlagt vid utgivandet av Geologiska Foreningens Férhandlingar och 
dverlamnade darefter Foreningens silverplakett. 


Ordet lamnades sedan till hr E. Jarvik, Riksmusei Paleozoologiska 
Avdelning, som hdll ett med intruktiva ljusbilder beledsagat foredrag 
med titeln De fyrfota djurens uppkomst. . 

I anledning av foredraget yttrade sig hr ordf., frkn Britta Lundblad 
hr P. Thorslund och féredragshallaren. 


2 
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. 
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Notis 


Raukar i kalkblandad lerskiffer vid Storsjén, Jamtland 
Av 


H. Hryricsson 


I den kalkblandade kambrosiluriska lerskiffer med tunna, tatt liggande 
bankar av oren kalksten, som mellan Marieby och Sandviken anstar vid 
stranden av Brunfloviken i Storsjén, Jamtland, iakttog forf. i samband med 
det laga vattenstandet under torrsommaren 1955 ett flertal vackra raukar, 


Fig. 1. Raukar vid Brunfloviken, Jamtland. 


saval fastsittande som, framfér allt, sadana, vilka lossats och férskjutits 
fran underlaget genom isskruvning. Raukhéjder pa upp till 3 m forekomma, 
ehuru huvudparten av raukarna visa ligre héjd. Vid aterbesdk sommaren 
1956 togs av Docent P. H. Lundegardh bilderna fig. 1. Vattenstandet var 
dock vid detta tillfille normalt och de orubbade, relativt laga raukarna 


vattentackta. 


110 GEOL. FOREN. FORHANDL. Bd 79. H. 1. 1957 


Anmilanden och kritiker 


Veiledning ved losning av fundamenteringsoppgaver, av N. Janbu, 
L. Bjerrum og B. Kjernsli. Norges Geotekniske Institutt, 
Publikasjon nr 16. Oslo 1956. 93 sidor, 27 figurer. Pris 
15 N. kr. 


Ehuru ovan angivna publikation huvudsakligen ar avsedd att vara en 
larobok och radgivare for byggnadstekniker, har vissa partier av den allman- 
giltigt geologiskt intresse. Da den vidare kan vara till stor hjalp for kvartar- 
geologer med speciell inriktning pa de geotekniska problemen, har det ansetts 
berittigat, att genom en recension i Férhandlingarna till denna krets sprida 
vetskap om publikationen. 

Da geotekniska normer i allmanhet anses olimpliga, enar ett okritiskt 
begagnande av dylika av en icke fackman kan leda till synnerligen riskabla 
konsekvenser, har hittills anvisningar och normer inom det geotekniska om- 
radet varit relativt tunnsadda och knapphandiga. Har i Sverige har dessutom 
steg i den riktningen, t. ex. en utgava av rad och anvisningar for palarbeten, 
fran flera hall rént viss kritik, for att den vid bokstavlg efterféljd av ej 
initierade kan leda till icke avsedda konsekvenser. 

I sin publikation nr 16 har Norges Geotekniske Institutt i forordet fram- 
hallit denna synpunkt, och i stallet for att utarbeta 6nskade normer sam- 
manstallt en vagledning omfattande det teoretiska underlaget, tillampliga 
berakningsmetoder och praktiska erfarenheter for i stort sett alla de geo- 
tekniska problem, som man kan raka ut for. 

I sig sjalv innebar de berakningsmetoder och formler som redovisats i 
huvudsak icke nagot nytt. Det fortjanstfulla 1 publikationen ligger dels i 
att all teori inom facket, som tillampas vid normal byggnadsverksamhet, 
framlagts pa ett foredémligt, valskrivet, enkelt och dverskadligt satt, dels i 
att formlerna belysts med: berakningsexempel samt kompletterats med all- 
mint hallna praktiska rad och vigledande anvisningar. 

I det inledande kapitlet behandlas jordarternas mekanik med hanseende 
dels tall stabilitets- och dels till deformationsproblemen. Har deklareras drligt 
att innu i dag vara kunskaper om deformationsmekaniken Ar relativt be- 
gransad. Det air ocksa inom detta omrade som ett alltmer intensifierat forsk- 
ningsarbete insittes delvis parallellt med reologien. Forfattarnas idé att 
omgruppera jordarterna med hiansyn till permeabiliteten verkar frimmande 
for en svensk, hksom det nyinforda begreppet silt, omfattande de bade i 
Norge och i Sverige tidigare vedertagna grupperna finmo, grov- och finmjila. 
Mera harom lingre fram. 

I de féljande sex kapitlen behandlas stabilitetsberikningar fér bankar, 
skirningar och slanter, grundlaggning pa plattor och palar, jordtrycksberak- 
ningar, schakter inom sponter samt férankrade sponter. Framstallningen ar 
koncentrerad, men oaktat detta torde det icke bereda en tekniskt skolad 
lekman nagon svarighet att kunna fatta problemstillningarna. Nagra detaljer 
ma dock niirmare belysas. 
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Genomgaende tycks forfattarna, kanske omedvetet, propagera for cp-ana- 
lysens utvidgning inom finmjila- och leromradet, dir tidigare s,-analysen 
varit allenaradande. Mot cp-analysens teoretiskt oantastliga allmiangiltighet 
finns ingen inviandning, men det borde ha framhillits, att den av ekonomiska 
skal blott kommer att kunna anvandas dar speciella orsaker sa kraver, emedan 
triaxialforsék ar relativt dyrbara och tidsédande. Fortfarande torde nog 
¢,-analysen vid mindre omfattande arbeten vara tillracklig, aven dar cp-ana- 
lysen rekommenderas trots metodens i dessa fall pavisade brister, eniir 
atminstone den erfarne geoteknikern torde na tillférlitliga virden pa for- 
handenvarande sikerheter. Vidare ifragasittes om icke férfattarna varit val 
snabba att allmangiltigt infoga de fran triaxialférséken erhallna vardena i 
Coulombs formel. Bevisligen har cg-analysen i nagra fall i norska grova 
leror givit goda resultat, dar s,-analysen slagit fel, men kanske viardena i 
andra typer av leror kraver vissa korrektionsfaktorer, och mahinda till pa 
képet s,-analysen ger battre Gverensstimmelser med de verkliga férhallan- 
dena. 

Betraffande det avsnitt av palkapitlet dar sikerhetsproblemet behandlas, 
framhalles att vid noggranna geotekniska undersdkningar kan sikerhetsfak- 
torn sankas till forslagsvis 2 och i vissa speciella fall (norska marina leror) 
till 1,75, vilket visar en gladjande premiering av kvalitetsundersékningar. I 
évrigt dverskrider de ur dessa rekommendationer beraknade pallasterna i 
allmanhet de i svenska statliga verk tillimpade, ja aven de av 8J:s geotek- 
niska avdelning rekommenderade. 

For schakt inom sponter har av Terzaghi och Peck for friktionsjordar 
angivna antagande av jordtrycksfordelningen foreslagits till tillampning for 
leror. Anmalaren forutsatter att erfarenheten i Norge verkligen har visat 
att detta passat for de jordarter dar praktiska forsék utforts, men vill 
rekommendera samrad med geotekniker och studium ay litteraturen t. ex. 
Peck, Skempton, Terzaghi och Tschebotarioff. 

I kapitel 8 behandlas slutligen nagra geotekniska definitioner och jord- 
artsdata. Som namndes 1 bérjan av denna anmalan har forfattarna omgruppe- 
rat jordarterna. Detta framgar av Tabell 3, sid. 76. Val ar den internationellt 
vedertagna Atterbergsskalan oférandrad, men jordartsgrupperingen inom 
ramen for densamma har andrats. Sa har mofraktionen uppdelats och grov- 
mon forts till sandfraktionen under benémning finsand och finmon forts 
till mjalafraktionen (har kallad silt) under bendmning grovsilt. 

Forteckningen ver anvinda bokstavssymboler ar tyvarr icke komplett. 
Dir saknas t. ex. s, (= udrenert skjerfasthet) och v (= stromhastighet). 

Publikationen avslutas med en valvald litteraturforteckning 6ver de mer 
betydande geotekniska arbetena naturligtvis med tyngdpunkt pa de norska 
endr, som férfattarna papekar, boken dr skriven i férsta hand for norska 
byggnadstekniker. ; = Bae 4 

Tryck och utstyrsel ar tilltalande och figurerna fortraffligt utforda, 

Slutintrycket blir att NGI ar att lyckonska till sin valredigerade publika- 
tion, som icke blott kan rekommenderas som uppslagsbok for geoteknikern, 
utan aven kan férutom hjalp 4t byggnadstekniker och geologer ocksa inge 
dessa respekt for och viss insikt i de geotekniska problemen. 


Erik Sandegren 
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Roland Brinkmann: Abriss der Geologie. Begriindet durch Ema- 
nuel Kayser. Erster Band: Allgemeine Geologie. Achte, ver- 
besserte Auflage. Ferdinand Enke Verlag. Stuttgart 1956. 
VIII + 286 sid., 207 fig. Pris haftad DM 25:—, inb. 1 
hellinnebd DM 28: —. 


Det ar ej mer dn sex ar sedan forra upplagan av Emanuel Kaysers larobok 
i geologi, band 1, utkom. Nagra mer genomgripande férandringar har heller 
icke den nu aktuella 8:e upplagan genomgatt. Vissa avsnitt aro dock ny- 
skrivna, iven om man fortfarande igenkénner den gamla dispositionen. 
Forandringarna ha dock tydligen ansetts sa betydande, att Kaysers namn 
flyttats tillbaka ett steg i titeln. 

De kapitel, som aro mest omarbetade, aro tektonik- och metamorfos- 
kapitlen. Aven vulkanismens, eruptivbergarternas och geokemins avsnitt aro 
till stora delar nyskrivna. En vasentlig anmarkning giller oljegeologien. 
Trots att denna viktiga gren av vetenskapen far allt stérre aktualitet, saknar 
man fortfarande densamma i liaroboken. 

Till alla kapitlen har litteratururvalet moderniserats. En. del modern 
litteratur har tillkommit. Vidare har urvalet begransats till ett mindre antal 
verk av mera vasentlig karaktiir. 

De mest markbara foérindringarna gilla typografi och bildmaterial. En 
kraftig modernisering har gjort, att den redan foérut klara och rediga boken 
nu gor ett for 6gat mer tilltalande intryck. Bildmaterialet har utdkats nagot 
och manga av fototypierna nyritats. Med gladje konstaterar man, att om- 
arbetningarna i detta avseende satts in pa vasentliga punkter; manga forut 
svarlasta kartor ha nu blivit klara och tydliga. I ett par fall ha aven tabeller 
ersatts med diagram. Det ar egentligen endast i ett undantagsfall man 
konstaterar en forsimring: Varfér den gamla bilden av en pillowlava ersatts 
med den fullstandigt olishga fig. 159 ar obegripligt. Delvis bidrar kanske 
dalig upplappning. 

Att vissa anmarkningar kunna géras hindrar inte, att totalintrycket av 
boken ar mycket gott. Den fortjanar onekligen en stérre uppmirksamhet 
an den hittills fatt réna i Sverige. 


Jan Lundqvist 
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Craelius 
ARNBORR- 


MASKINER 


Craelius X-2 luftdriven, f6r 100 meters djup. 


Craelius X-4 luftdriven, for spranghalsborrning. 


Craelius XC-33.5 och XC-42 el.-luft- eller kil- 
repsdriven, for djup till 125 meter. 


Craelius XB och XB-2, for djup till 200 meter. 
Vi utfora dven Craelius XF, for djup till 300 meter. 
unders6kningsborr- Craelius XFH, for djup till 300 meter. 
ningat och brunns- Craelius AB-2 och AB-50, for djup till 350 meter. 
Craelius XH och XH-50, f6r djup till 600 meter. 


borrningar pa kon- 
trakt med egna 


Ener noni evs Craelius XL och B-3, for djup till 1200 meter. 
faren personal. Craelius XO-2, for djup till 2 000 meter. 
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DIAMANTBERGBORRNINGS AB 


Stockholm C 
Telefon: 233380 


Kungsgatan 44 
Telegram: Adamante 


Uppsokning och undersokning ay 


MALM 
FYNDIGHETER 


samt fyndigheter av andra slag 


Vi ulfora 
geologisk gravimetrisk 
magnetisk seismisk 


elektrisk prospektering 


AKTIEBOLAGET 


ELEKTRISK MALMLETNING 
Stockholm - Danderydsgatan 11 
Telefon: 230255 


VATTENBYGGNADSBYRAN 


KONSULTERANDE INGENJORER OCH ARKITEKTER 


Ledaméter av Svenska Konsulterande Ingenjorers Forening 
Kraftverk — Sjéregleringar 
Samhdéllsplanering 
Vattenforsorjning — Avlopp 


HUMLEGARDSGATAN 29 — STOCKHOLM 
Telefon: lokal 22 85 80, riks 22 8930 — Telegram: VATTEN 


Harmed riktas en allvarlig uppmaning till férfattarna i Geol. Féreningens Férhand- 
lingar att avlimna tydliga, slutgiltiga och val genomsedda samt helst maskinskrivna 
manuskript. 

Sarskilt bér uppmarksamheten agnas &t stringt genomférd konsekvens betraffande 
skrivningen av namn, latiniserade ordformer och tekniska uttryck, samt 4t 
stilformernas riktiga betecknande (kursiv, spirrad, KAPITALER). Kursivstil anvin- 
des blott fir latinska namn (ej fér att understryka vikten ay visst textinnehAll). Sparrad 
stil anvandes for att framhava vissa ord eller meningar i texten. Kapitiler an- 
vindas fdr personer i samband med citerade skrifter, t. ex. SAHAMA 1954. I manu- 
skriptet utmarkes: 

sparrning med --------- 

KAPITALER >» 

kursiv ie ee Ht ES 

Konsekvens i forkortningar ar i hig grad 6nskvard. Féljande detaljer kunna uppmark- 
sammas: 

km dm m (antikva utan punkt). 

dr (doktor), prof. (professor), hr (herr). 

Citerade arbeten anféras i texten med angivande ay férfattarens namn och arbetets 
tryckaér inom parentes (Sanama 1954), och sammanstillas i alfabetisk ordning vid upp- 
satsens slut (observera skiljetecknen och férkortningar): 

Sanama, Tu. G., 1954: Mineralogy of mafurite. Bull. Comm. géol. Finl., N:o 166. 

Korrekturlasning Sligger férf. Rea. 


GEOLOGISKA FORENINGENS I STOCKHOLM FORHANDLINGAR 
utkomma med 4 hiften Arligen. Prenumeration mottages genom Nordiska bok- 
handeln, Stockholm lI, tel. 238400 (vaxel), 


Bd 1—81 4 20 kr. Bd 71—73 a 20 kr. Generalregister till 
» 32 » 60 » » 74—78 » 30 » Bd 22—31 a 6 kr. 
» 33—65 » 20 » Generalregister till » 32—41 >» 6 » 
» 66 » 30 » Bd 1—5 43k. » 42—50 » 6 » 
» 67—69 » 20 » » 6—10»4 » » 51—60» 6 » 
» 70 » 25 » » 1I1—21 »6 » » 61—70 » 10 » 


Lésa haften av alla banden till pris beroende pa haftenas omfang. 

Medlemmar av Féreningen erhalla genom skattmistaren de aldre banden av For- 
handlingarna och Generalregistret till halften av det ovan upptagna bokhandelspriset. 
A lésa haften lamnas ej prisnedsittning. (Styrelsens beslut d. 27/10 1922.) 


Geologiska Féreningens sekreterare, Fil. Lic. Errx Auman och redaktér, Docent 
P. H. LunprGirps, traffas i Foreningens angeligenheter & Sveriges Geologiska Under- 
sdkning, tel. 34 97 90, sikrast tisdagar och torsdagar kl. 13—14. 

Féreningens ordinarie méten aga rum forsta helgfria torsdag i manaderna 
februari, mars, april, maj, oktober, november och december. Januarimétet halles pi 
den torsdag, som infaller under tiden 10—16 jan. Anslag om féredragnings- 
listan finnas minst 3 dagar fore sammantradet uppsatta pA anslagstavlorna 4 ett 
antal offentliga institutioner med geologisk anknytning i Stockholm, Uppsala och 
Lund. 

Personlig kallelse till sammantridena utfardas till ledaméter, som s4 énska. 

Haftena utdelas sammantradesdagarna i januari, mars, maj och november. 

Uppsatser, avsedda att inforas i Férhandlingarna, insindas till Foreningens redaktor, 
Stockholm 50. Atféljande tavlor och figurer skola vara fullt fardiga till reproduk- 
tion, d& de jamte uppsatsen sandas. 

I Férhandlingarna m4 uppsatser inféras antingen pd skandinaviskt sprak eller pa 
engelska, franska eller tyska. Férfattare vare skyldig att bifoga i det forra fallet dver- 
sattning av titel och figurtexter samt kort resumé p4 engelska, franska eller tyska, 
i det senare fallet, dé Styrelsen anser sidan 6nskvard, resumé pé skandinaviskt sprik. 

Manuskript, skrivet pé frammande sprak, skal] vara granskat av sakkunnig sprik- 
man, varom meddelande gores till redaktéren. 

Darest korrektionskostnaderna fér inford uppsats uppgé till mera iin 24 kronor pr 
tryckark, vare férfattare skyldig att erligga det 6verskjutande beloppet, sivida det 
uppgar till minst 10 kr. pr uppsats. 

Forfattare erhaller gratis av inférda uppsatser 75 separat i omslag utan titel; ytter- 
ligare ex. samt ev. omslagstitel betalas av férf. Av notiser, anmalanden och foredrags- 
referat limnas separat endast efter sirskild 6verenskommelse. 

Referat honoreras sdlunda (Féren. beslut 7/12 1911): 
l:sta sidan eller del dirav efter 20 dre pr tryckrad, 2:dra sidan efter 15 och 3:dje sidan 
eller del dirav efter 10 6re pr tryckrad. Foéljande sidor honoreras icke. 

Anmilan om féredrag och meddelanden gores i god tid hos sekreteraren. 

Ledaméternas Grsavgifter, vilka enligt § 7 av Féreningens stadgar skola vara erlagda 
senast den 1 mars, inbetalas 4 postgiro 2108, Geologiska Féreningen Stockholm 50, 
eller insdndas till skattmastaren, Intendent O. Gasrietson, Stockholm 50, till 
vilken aven lamnas uppgifter om 4ndring av adresser och titlar. 

Arsavgiften utgor kr. 20: —, avgift sisom standig ledamot kr, 250: —. 
Ledamot, som under en foljd av minst 20 4r erlagt arlig ledamotsavgift, kan bliva stan- 
dig ledamot mot en avgift av kr. 125: —. Ledamot, som under 50 Ar erlagt arlig avgift, 
ar befriad fran ytterligare arsavgifter till Foreningen. 

Postadress: Geologiska Féreningen, Stockholm 50. Postgiro: 2108. Telefon: 34 97 90. 
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